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ABSTRACT
Disturbance ecology suggests that if patterns created by boreal harvesting more 
closely resemble effects of natural disturbance, then boreal birds should more easily cope 
with habitat changes associated with harvesting. I tested this idea by documenting avian 
community responses to partial-cutting treatments applied in Fort Nelson, British Columbia. 
The purposes of this study were threefold: 1) to investigate changes in the bird community 
following partial-cutting in boreal forest stands; 2) to compare point-count and transect bird 
survey methods and determine the degree of correlation between the two datasets; and 3) to 
test the applicability of bird-habitat models developed in Alberta’s boreal forest for 
predicting species abundance in a boreal forest environment in northern British Columbia. 
Two bird survey protocols, point-counts and fixed-width transects, were employed in 4 
partial-cut and 2 uncut (control) stands. Each stand was surveyed 4 times per season over 2 
breeding seasons. Detailed habitat information was collected in 212-0.04 ha plots. Similar 
numbers of species were observed in each year with 50 and 52 species observed in 1999 and 
2000, respectively. More than half (51.7%) the total species observed were neotropical 
migrants. Differences in cumulative species per point count station between years were not 
explained by treatment effect. There were differences in species distribution across sites with 
mourning warbler and Connecticut warbler consistently detected only at the partial-cut sites 
in both years. None of the detected bird species occurred only at the control sites when data 
for both years was combined; however, in each year there were 3 different rare species 
detected only at the uncut sites. Species diversity differed between partial-cuts and controls 
and between years. Significant correlations between the two survey methods depended on 
bird species, habitat and timing of survey in the breeding season (i.e., early or late in the
n
season). For the bird-habitat model comparison, models containing local and neighbourhood 
habitat variables were generated for 13 candidate boreal forest bird species. There was a lack 
of agreement between predicted species abundances and those observed.
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CHAPTER 1: INTRODUCTION
This study represents a portion of a 4-year project initiated by Slocan Forest Products, 
Fort Nelson Woodlands in 1998 entitled, “Boreal Mixedwood Management Applied 
Research, Development and Extension Project” . The purpose of the Slocan project was to 
develop and test a range of operational, alternative silvicultural prescriptions within an 
ecosystem management framework. Seven project components were designed by Slocan and 
their project partners to address specific aspects of mixedwood management. One of these 
components was to assess impacts of the applied systems on furbearer and songbird ecology 
(Fort Nelson Operations 2002). This thesis represents the songbird ecology portion of the 
project.
Few formal research studies have been conducted in northeastern British Columbia 
on habitat relationships of boreal forest birds. Some inventory-type data exists, but there 
remain large knowledge gaps in basic species habitat use and distribution. In addition, little 
information exists on the impacts of alternative forest harvesting methods, such as partial- 
cutting, on birds in northeastern British Columbia. This is of particular interest because of 
the current forest management paradigm to harvest in such a way as to emulate natural 
disturbance patterns. The impacts of conventional harvesting (clearcutting) and alternative 
systems (e.g., partial-cutting, patch retention) on birds have been studied elsewhere in 
Canada’s boreal forest; however, species habitat relationships do not appear to be consistent 
from one location in the boreal forest to the next (e.g. British Columbia and Alberta). 
Information about bird habitat relationships, partial-cutting responses, and natural
disturbance patterns is needed to support ecologically-based forest planning and management 
in northeastern British Columbia.
Forest planners and managers also require tools, such as species-habitat models, to 
evaluate the potential effects of different management alternatives on wildlife. Although 
researchers have developed several models, few have been tested with independent data to 
evaluate the breadth of their applicability. Do the habitat relationships within the model 
apply to other geographic areas within the species’ range? Is the model strongly site- 
specific, or does it produce reliable results when applied to other boreal forest landscapes? 
The answers to these questions will assist the evaluation of models to determine their 
potential application in forest management in northeastern British Columbia.
This thesis presents results of a 3-part study based on bird and habitat data collected 
in partial-cut and uncut stands in Fort Nelson, British Columbia. Chapter 2 addresses 
responses of boreal forest birds to partial-cutting and discusses management concepts 
relating to the emulation of natural disturbance regimes. Tbe partial-cutting component 
provided field data for the other 2 components of the study. Chapter 3 compares results 
obtained by the point-count method with results obtained by the fixed-width transect method 
to determine the degree of correlation between the 2 methods. If the two methods produced 
similar results, then I could reasonably use an additional independent data set from Dawson 
Creek for model testing in Chapter 4. Chapter 4 presents test results in which I applied 
northern British Columbia habitat data (Chapter 2) to 13 Poisson regression bird-habitat 
models developed from data collected in Alberta’s boreal forest. My northern British
Columbia data provided an opportunity to evaluate how well the Alberta models would 
predict bird species abundance in a different geographic area within the boreal forest. 
Chapter 5 provides a summary and conclusions for all 3 study components.
CHAPTER 2: BIRD RESPONSES TO PARTIAL-CUTTING IN BOREAL FOREST 
STANDS IN NORTHERN BRITISH COLUMBIA
INTRODUCTION
The boreal forest, Canada’s largest continuous forest, stretches from the coasts of 
Newfoundland and Labrador west to Alaska (Rowe 1972). The natural state of the boreal 
forest is a mixedwood mosaic of patches of different stand types and successional stages 
created by natural disturbances including windfall, insect outbreaks and fires (Hobson and 
Schieck 1999). This naturally patchy ecosystem has among the highest diversity of breeding 
bird species in North America (Kirk et al. 1997; Blancher 2002). Recent increases in forest 
harvesting in the boreal forest have raised concern about impacts on boreal bird species and 
communities (Schmiegelow and Hannon 1993). These issues have been identified by several 
international and national bodies including the Senate Subcommittee on the Boreal Forest 
(1999) and the Canadian Council of Forest Ministers (CCFM). The maintenance of 
biodiversity has been identified as a criterion for sustainable forest management (CCFM 
1997), yet the long-term cumulative impacts of forest harvesting on boreal bird communities 
and populations are poorly understood (Imbeau et al. 2001). Despite several research 
projects on the habitat relationships of boreal forest birds (e.g., Welsh and Lougheed 1996), 
specific effects of forest management on species and communities remain unknown (e.g., 
Schmiegelow et al. 1997, Hobson and Schieck 1999).
Most studies of birds in the boreal forest have been designed to evaluate conventional 
forest practices such as even-age silviculture [i.e., clear-cutting where all trees are removed 
in a single cut resulting in a regenerated stand with trees of similar age (B.C. Government
2004)], and effects such as habitat fragmentation (Schmiegelow and Hannon 1993). 
Although the magnitude of fragmentation effects on boreal forest birds appear small, 
neotropical migrants (species that winter in the tropics) and resident species (species that 
winter within their breeding range) exhibit greater sensitivity to fragmentation than short- 
distance migrants (species that winter in temperate areas) (Schmiegelow et al. 1997, 
Schmiegelow and Hannon 1999). The relatively small fragmentation effects may reflect 
adaptations of boreal birds to a naturally patchy and frequently disturbed environment 
(Schmiegelow et al. 1997). If the effects of harvesting more closely resemble natural 
disturbances, then boreal forest birds may be more resilient to habitat changes associated 
with harvesting (Hunter 1993). Such thinking is giving rise to management approaches that 
better approximate the natural disturbance regime of the boreal forest (Hobson and Schieck 
1999).
Ecologists hypothesize that biodiversity is more likely to be conserved in forests that 
are managed to more closely resemble their natural disturbance patterns (e.g. Hansen et al. 
1995, Hobson and Schieck 1999). Through changing practices, the boreal forest is being 
managed more like it naturally grows—as a mixedwood forest. Rather than managing the 
coniferous and deciduous components separately, management practices for these 
components of the ecosystem are being integrated to meet both economic and ecological 
goals (Slocan Forest Products Ltd. 1999).
Compared to clearcutting, alternative silvicultural treatments such as selective 
logging [removal of trees according to specific criteria such as species, diameter, or height
(B.c. Government 2004)] are thought to better retain the structural complexity typical of 
natural forests by emulating natural patterns of disturbance (Bunnell 1995, Hansen et al. 
1995). Several studies (e.g. Norton and Hannon 1997, Phinney and Lance 1998, Lance and 
Phinney 2001, Tittler et al. 2001) suggest that boreal birds benefit from management 
approaches that emulate natural disturbance regimes, such as partial-cutting [cutting selected 
trees and leaving desirable trees for various stand objectives (B.C. Government 2004)] and 
retaining patches or blocks of trees in clearcuts. However, the applicability of individual or 
combined harvesting systems across forest types and geographical locations is unknown. 
While no single silvicultural strategy is optimal for all bird species (Hansen et al. 1995), 
combinations of alternative silvicultural practices may prove helpful for specific forest types 
and bird communities.
This study was part of a 4-year project initiated by Slocan Forest Products 
(Woodlands Division), Fort Nelson, which sought to demonstrate innovative approaches for 
managing the boreal mixedwood forest. The project consisted of several different harvested 
blocks designed to address 1 or more of 7 project components. Although designed as a 
demonstration rather than an experiment, the Slocan project provided an opportunity to 
document bird community responses following partial-cutting in boreal forest stands and 
augment the scarce data that exist on birds in the boreal forest of British Columbia. In this 
chapter I examine bird species richness and distribution in partial-cut stands compared to 
uncut old-growth stands. If partial-cutting is effective in retaining forest structure, then the 
bird community in the partial-cut stands should remain similar to that in uncut old-growth 
stands.
METHODS
Study Area
The study was conducted approximately 60 km NW of Fort Nelson, British Columbia 
(58.83° N, 122.6°W) (Figure 2.1). The area is situated in the Boreal White and Black Spruce 
(BWBS) biogeoclimatic zone within the moist warm (mw2) subzone (DeLong et al. 1991).
It is characterized by forests dominated by mixed trembling aspen (Populus tremuloides) and 
white spruce {Picea glauca). Lodgepole pine (Pinus conforta), black spruce {Picea 
mariana), balsam poplar {Populus balsamifera ssp. balsamifera), tamarack {Larix laricina), 
subalpine fir {Abies lasiocarpa) and paper birch {Betula papyrifera) are also common 
throughout this zone (DeLong et al. 1991). The dominant understory shrubs are alder {Alnus 
crispa), highbush cranberry {Viburnum edule), rose {Rosa acicularis) and some willow {Salix 
spp.). This area is influenced by a northern continental climate featuring long, very cold 
winters and short growing seasons. The mean annual temperature from long-term climatic 
stations ranges between -2.9-2°C. Annual precipitation ranges between 330-570 mm with 
35-55% falling as snow (De Long et al. 1991).
Study Design
Four partial-cut stands and 2 uncut stands were used in this study (Figure 2.2). Prior 
to harvesting, the 4 partial-cut stands were boreal mixedwood forest comprised of a mature 
aspen overstory (approximately 120 years old) with an immature, white spruce understory 
(approximately 60 years old). The harvest management objective was to remove most of the
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Figure 2.1. Study area location near Fort Nelson, British Columbia.
mature overstory aspen while retaining sufficient immature white spruce [defined as trees 40- 
100 years old (B.C. Government 1995)] to maintain a stocked, mixedwood stand when the 
spruce reaches maturity in approximately 60 years (Table 2.1) (Fort Nelson Operations 
2002).
The wildlife component of Slocan’s demonstration project for mixedwood 
management called for creation of a modified uniform shelterwood stand and a modified 
shelterwood stand in each of the 1997 and 1999 harvest years. These harvested stands did 
not represent treatment replicates, however, because they differed in size and harvest system 
(2-pass versus 1-pass) (Slocan Forest Products 1997). In the shelterwood harvesting system, 
overstory trees are removed in sequential stages or passes (usually 2) over a period of years 
so that a new stand of trees may grow under the shelter of the remaining trees (Navratil 
1995). Region-specific modifications to the shelterwood system, such as the number of 
harvesting passes or uniformity of tree removal on the landscape, may be necessary if 
shallow-rooted species such as white spruce are exposed to high winds resulting in wind 
damage. Such was the case in the Fort Nelson area. Two of the partial-cut stands (P2 and 
P4) were harvested using a 1-pass modified uniform shelterwood system (trees were 
systematically removed across the harvested area to create an evenly opened tree canopy. 
Table 2.1) that retained strips of unharvested trees within the block (Figures 2.3 and 2.4).
Two other stands (PI and P3) were harvested using a modified shelterwood system (1-pass 
and 2-pass, respectively) with trees retained in irregular patches rather than evenly across the 
site (Slocan Forest Products 1997). The 1-pass system provided moderate wind protection to
Fort Liard, NWT
Liard Highway
C2 -  km 49.0
P3 -  km 37.0
P4 -  km 34 .8^   ^
P2 -  km 30.5—►
P11- km 30.5
Fort Nelson, B.C
H  Uncut Stands 
n  Partial-Cut Stands
Figure 2.2. Location of 4 partial-cut and 2 uncut stands in northeastern British 
Columbia.
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Table 2.1. Stand number, silvicultural system, year of harvest, retention level (%) by species, area (ha), and number of point
counts conducted in partial-cut and uncut old-growth stands in 1999 and 2000 in the Fort Nelson Forest District, British 
Columbia.
Stand Silvicultural Yr. Area Pre-harvest % Immature Pre-harvest % Mature Point-
System** Harvested (ha) Conifers Conifer Mature Deciduous Count Stns.
(stems/ha)"* Retention** Aspen
(stems/ha)
Retention*" (No.)
PI Modified
Shelterwood
1997 22 796 41 200 20 4
P2 Modified Uniform 
Shelterwood
1997 77 1298 57 296 22 13
P3 Two-pass Modified 
Shelterwood
1999 28.5 1160 40 232 15 5
P4 Modified Uniform 
Shelterwood
1999 30.5 540 46 327 20 7
Cl Unharvested N/A 48 N/A N/A N/A N/A 12
C2 Unharvested N/A 48 N/A N/A N/A N/A 12
Total 254 53
a All stand and harvest information from Slocan Forest Products 1997 and Fort Nelson Operations 2002. 
b Conifer species include mainly white spruce with minor components of black spruce and subalpine fir.
c Immature conifers approximately 60 years old [immature conifers = 4 0 -1 0 0  years old according to guidelines in the province’s 
Biodiversity Guidebook (B.C. Government 1995)]. 
d Deciduous species include mainly trembling aspen with minor components of balsam poplar and paper birch.
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residual white spruce (Figure 2.5), whereas the 2-pass system provided a high-level of wind 
protection because fewer mature overstory trees were removed in the first harvest, thus 
giving the immature white spruce more wind protection (Figure 2.6) (Slocan Forest Products 
1997). Pre-harvest stems/ha and post-harvest percent retention for spruce and trembling 
aspen at each site are shown in Table 2.1. Three of the 4 stands (P2, P3 and P4) contained 
unharvested wildlife patches [defined as an area specifically identified for the retention and 
recruitment of wildlife trees (B.C. Government 1995)]. The differences in partial-cutting 
techniques between the 4 stands provided differences in stand structure and potential bird 
habitat.
As a basis for comparison with the partial-cuts, I selected 2 stands (Table 2.1) that 
best represented pre-harvest conditions (stand age and structure) (C l and C2). These 2 
stands served as controls. 1 chose stands that did not contain riparian conditions, as these 
habitat types were not represented in the partial-cut stands, and were a practical walking 
distance (<1 km) from a road. The selected stands met the definition of old-growth forest 
(>100 years old) for the BWBS biogeoclimatic zone in natural disturbance type 3 (NDT3) 
(frequent stand-initiating wildfires occurring approximately every 100-125 years) (B.C. 
Government 1995).
Bird Sampling
Bird surveys were conducted in the 1999 and 2000 breeding seasons using point- 
counts (Ralph et al. 1993) as adapted by Schmiegelow et al. (1997) and Schmiegelow 
(1999a). Schmiegelow’s (1999a) particular point-count protocol was required for use in the
12
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Figure 2.3. One-pass Modified Uniform Shelterwood at Partial-Cut Stand F2. Regular strips 
of retained immature white spruce interspersed with designated machine corridors (7 m wide 
cut strips for harvesting equipment access) uniformly located at regular intervals across the 
stand perpendicular to the wind. No further harvesting was scheduled for this stand (i.e., 1- 
pass).
One-pass Modified Uniform Shelterwood ( P4)
8 m all 
cut 
machine 
corridor
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WIND
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Figure 2.4. One-pass Modified Uniform Shelterwood at Partial-Cut Stand P4. Similar layout 
to Figure 2.3 except with wider wind buffers and machine corridors.
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One-pass Modified Shelterwood ( PI)
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S o u r c e :  S l o c a n  F o re s t  P r o d u c t s ,  F o r t  N e l s o n  W o o d l a n d s
Figure 2.5. One-pass Modified Shelterwood at Partial-Cut Stand PI. Irregular patches of 
immature white spruce were retained within 60 m wide strips. Uncut wind buffers were 
placed at regular intervals perpendicular to the wind. Machine corridors were selectively 
placed based on natural openings in the stand. No further harvesting was scheduled for this 
stand (i.e., 1-pass).
Two-pass Modified Shelterwood (P3)
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Figure 2.6. Two-pass Modified Shelterwood at Partial-Cut Stand P3. Irregular patches of 
retained immature white spruce were interspersed with uncut wind buffers placed at regular 
intervals perpendicular to the wind. Machine corridors were selectively placed based on 
natural openings in the stand. Every second 80 m strip was not harvested (U‘ pass), but will 
be harvested as a 2"‘* pass in the future.
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modeling portion of the study (Chapter 4). Permanent point-count stations were established 
every 200 m along transects within the partial-cut and uncut stands. The number of point- 
count stations varied with shape and size (22-77 ha) of the harvested stands. Keeping 
stations at least 200 m apart to minimize double counting of birds from adjacent stations, I 
placed as many point-count stations as possible in each stand, approximately perpendicular to 
the harvested strips and wind buffers, so that all habitats would be well represented (Figure 
2.7). There were 29 total point-count stations in the partial-cut stands and 24 in the uncut 
stands. Two sampling radii, 50 m and 100 m, were used at all stations to allow for later 
analysis of differences in detectability. Point-count surveys were conducted from the first 
week in June until the first week in July, the peak of the boreal bird breeding season when 
the birds are most vocal and detectable. Each point-count station was visited 4 times in each 
breeding season (n=212).
As described in Schmiegelow’s (1999a) protocol, the observer waited 1 minute before 
beginning the 5-minute survey at each station to allow time for the birds to settle following 
the observer’s arrival. A 5-minute survey period was selected to achieve greatest efficiency 
between travel time between stations and the time it took to conduct all surveys prior to 
10:00 a.m., the time at which bird song diminishes (Ralph et al. 1993). For all birds seen or 
heard, observations were recorded on species, sex (if known), behaviour (for confirmation of 
breeding), and location. Location, date, time, wind-speed (Beaufort scale), cloud cover, 
observer's name, and additional notes about bird behaviour and environmental conditions 
(such as noise, smoke, etc. that may have affected the bird survey) were also recorded. Birds 
within the 50-m and 100-m radii of each point-count station were recorded separately for
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Figure 2.7. Point-count station layout at Site PI. Point-count stations were placed 
perpendicular to the direction of wind buffers and harvested areas to capture as many habitat 
types as possible.
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later analysis. Birds detected outside the survey perimeter were recorded on a separate sheet 
so that they would be included in a total species count but not in the statistical analysis.
Birds observed within plots but outside the 5-minute sampling periods were also noted. Ten 
additional minutes per transect were scheduled for tracking down elusive or otherwise 
interesting records. "Pishing" (imitating a bird alarm call) was prohibited during point count 
intervals, but allowed during these 10 minutes to elicit responses. Songs and calls of species 
that could not be identified in the field were tape recorded and identified later.
All point count surveys began around 0.5 hour before sunrise (approximately 3:30 
a.m.) and ended by 10:00 a.m. Surveys were not conducted on days with continuous winds > 
25 km/hr (Beaufort level 5) or in heavy rain because birds are less conspicuous and more 
difficult to hear in these conditions.
I was assisted by different observers in each year; however, all observers were 
extensively trained to identify boreal forest birds by sight and sound and to accurately 
estimate distance by sound. All observers were standardized to ensure high similarity in 
detections. The transects were visually marked with flagging tape every 20 and 50 m to aid 
distance estimation. Point-count surveys were conducted concurrently with fixed-width 
transect surveys for survey comparison in Chapter 3. The 2 observers alternated between 
point counts and transect surveys to ensure any observer bias present affected both survey 
methods equally. This ensured that one observer was not consistently conducting one type of 
survey at each stand and disproportionately introducing observer bias to the results of one 
survey type. The starting order of point-count stations was varied to avoid time-of-moming
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bias. Each station was surveyed at different times throughout the morning on subsequent 
visits to give a representative sample of bird species present given that some species may 
exhibit differences in singing behaviour throughout the morning. To meet safety concerns 
(e.g., remoteness of sites, length of transects, and presence of bears), both observers worked 
on the same transects at the same time and normally remained < 100 m apart. Observer 1 
conducted the point count survey 100 m ahead of Observer 2, who conducted the fixed-width 
transect survey for survey comparison in Chapter 3. Whenever the observers met, they 
passed each other with as little disturbance as possible to reduce the effects on the respective 
surveys. They were careful to not influence, either positively or negatively, the other 
observer's ability to detect and identify birds.
Habitat Sampling
Of 212 vegetation plots sampled over the 2 breeding seasons, 116 were in the 4 
parti al-cut stands and 96 in the 2 uncut stands. I closely followed the habitat sampling 
protocols of Schmiegelow et al. (1997) to obtain habitat data for use in the bird species- 
habitat models (Chapter 4). A wide variety of coarse- and fine-scale habitat information was 
collected so that a detailed description of stand structure for each point-count station was 
possible and species-specific habitat associations could be explored. This habitat information 
also provided a means for comparison between stands during bird species distribution 
analysis. Vegetation data collection began in early July and ended by mid-August. I 
sampled canopy, subcanopy, and understory vegetation associated with each point count 
sampling station. For the understory layer, 1, 0.04-ha plot (11.3 m radius) was centered on 
the point count station and 3 were located 40 m away at 0°, 120°, and 240°. Four 1-m^
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quadrats in each of 4 cardinal directions were used to estimate mean ground cover to the 
nearest 5% by category (total green cover in each plot versus bare ground, forb, shrub, grass, 
leaf litter, moss, bare ground). Also in each plot, litter depth was measured at 4 locations and 
the number of shrub stems was recorded by species in 5, 1-m^ quadrats. Saplings <2.5 cm 
diameter at breast height (dbh) and poles 2.5-8.0 cm dbh of each species were counted in a 
0.008-ha (5-m radius) nested subplot. The number of trees by species and diameter class 
(8-15, 15-23, 23-38, and >38 cm dbh) was recorded for the entire plot. The species, dbh 
and height of every snag >12 cm dbh and the total number of snags < 12 cm dbh were also 
recorded. Coarse woody debris was measured and classified along 4 transects between the 
boundaries of the 5-m radius subplot and the 11.3-m radius plot (Schmiegelow 1999b). The 
diameter class of each log that intersected the transect was measured. The diameter, species, 
length and rot class of every piece with diameter >11 cm and totals by size class for pieces 
with diameter <11 cm were recorded. A clinometer was used to measure average height of 
the canopy, subcanopy, and tall shrub layers. Canopy closure was measured as the mean of 4 
densiometer readings per plot (Schmiegelow et al. 1997).
DATA ANALYSIS 
Habitat Data
Sample means and standard errors (x ± SE) for understory habitat variables were
calculated for each point-count station. Means (x ± SE) of canopy height, subcanopy height, 
tall shrub layer height, canopy closure, volume of coarse woody debris, number of large 
snags, snag height and snag volume were calculated for each point-count station. These 
mean habitat values became input variables for the species-habitat models (Chapter 4).
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Bird Data
Species detections were summed for each partial-cut and uncut stand, by year. The 
percentage of neotropical migrants, short-distance migrants and resident species was 
calculated (Godfrey 1986). Bird species that were detected only once in a partial-cut or 
uncut stand in a breeding season were considered incidental (i.e., assumed moving through 
the area and not considered established on a breeding territory in the study area) and dropped 
from the analysis. All bird species with >2 observations were included in analysis for that 
stand. Only bird detections recorded within the formal 5-minute point-count survey, 
including birds that flew through the plot radius, were included in the analysis. Incidental 
observations are described in Appendix E.
All data sets were tested for normal distribution and homogeneity of variance prior to 
analysis by parametric statistics. Where the data did not meet the assumption of normality 
for parametric statistical tests, data transformations failed to achieve normal distributions. 
Therefore, I used non-parametric tests. All identified outliers were included in analyses as 
there was no biological basis for excluding them. I used an alpha level of F=0.05 as a cut-off 
for statistical differences between variables.
Total species richness per partial-cut and uncut stand was calculated by year. I then 
calculated the mean of these totals to give an overall species richness value for all partial-cut 
and uncut stands by year. I also determined the cumulative number of species detected at 
each point-count station, by year, as recommended by Lance and Phinney (1996a). This 
accounted for variation in species detection between visits by: 1) allowing for species which
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had not yet arrived from migration; 2) recognizing that a species may have been present but 
had gone undetected during a particular point-count; and 3) considering the species may have 
been present but had since dispersed from the site. I tested for differences in cumulative 
number of species per point-count station using fixed-effects (non-random factors), 1-way 
analysis of variance (ANOVA) with Bonferonni correction to adjust for inflated Type I error 
(an increased chance of rejecting the null hypothesis when in fact it was true due to multiple 
comparisons in ANOVA analysis) (Tabachnick and Fidell 2001).
A Shannon-Wiener diversity index value (H') was calculated for the partial-cut and 
uncut stands, for each year (Zar 1996) to compare species richness between stands. Given the 
number of species in a sample, H' provides a measure of the amount of uncertainty in 
correctly predicting what the next collected species would be. The larger the value of H', the 
more diverse (heterogeneous) the community is and the more uncertainty there is in 
predicting the next individual collected (Krebs 1994).
I summed the numbers of each species over the 4 visits, by point-count station and 
year, to obtain relative bird species abundance. I used chi-square analysis with sequential 
Bonferonni correction (Rice 1989) to test for differences in species abundance between years 
to determine if the data could be combined prior to further analysis. I tested for differences 
in species distribution between partial-cut and uncut stands and among partial-cut stands by 
using the G (log likelihood ratio) test for goodness-of-fit with Williams’ correction for 
continuity (Sokol and Rohlf 1987). The G test, rather than chi-square, was used because it is 
a more powerful test (Zar 1996). Calculations are proportional to the number of samples
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allowing for uneven sample sizes. Because the number of point-count stations differed 
among stands, my expected values were calculated as the proportion of point-count stations 
within each stand divided by the total number of point-count stations (n=53). Only those 
species with a large enough sample size to generate an expected value of > 3 (i.e., >35 total 
detections per year) were included in the analysis (Sokal and Rohlf 1987). Because the 
actual type I error for G tests tends to be higher than the intended type I error (Sokol and 
Rohlf 1987), a correction factor, q, was used to better approximate the chi-square distribution 
where q= l+ l/2n, n= total observed for each species, and Gadjusted = G/q. Species abundance 
data were analyzed in 2 steps to see whether differences in detectability among stands had 
biased the results. The first analysis included all detections within 100 m of the observer, 
and the second included only those detections within 50 m. Results were compared to 
determine whether there was a significant effect based on assumptions that all bird species 
were equally detectable at both distances, all distance estimates were accurate and all birds 
were correctly identified (Bibby et al. 2000).
RESULTS
Habitat Characteristics o f Partial-cut and Uncut Stands
The partial-cut stands created by the 1-pass system (PI, P2 and P4) had different 
habitat characteristics than the partial-cut stand created by the 2-pass system (P3). Detailed 
habitat data for all stands are presented in Appendix A. Stands P I, P2 and P4 had canopy 
heights ranging from 12.97 m (PI) to 23.57 m (P4) with canopy closure ranging from 
31.29% (PI) to 53.17% (P4) (Figure 2.8). Subcanopy, tall shrub layer heights and volume of 
coarse woody debris differed among the 3 stands.
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Canopy height and canopy closure at the 2-pass partial-cut stand, P3, were greater 
than at the other partial-cut stands (29.28 m and 72.4%, respectively) (Figure 2.8).
Subcanopy height (12.61 m) and tall shrub layer height (2.63 m) at P3 were similar to those 
at the other 3 partial-cut stands. A greater number of taller, large snags (Appendix A) and 
volume of coarse woody debris (Figure 2.8) were observed at P3 compared to the other 3 
partial-cut stands.
Compared to the partial-cut stands, the canopy height in uncut stands was similar 
(29.17 m) to the 2-pass partial-cut stand (P3); however, canopy closure (92.2%) was greater 
than all the partial-cut stands (Figure 2.8). Subcanopy height and tall shrub layer height were 
also greater at the uncut sites compared to the 4 partial-cut stands. Volume of coarse woody 
debris at the uncut stands was greater than partial-cuts P I, P2 and P4 and less than partial-cut 
P3. The uncut stands had the greatest number (3.75) and height (7.76 m) of large snags per 
point-count station (Appendix A).
Bird Community Characteristics
In all, 3,859 individuals were detected of a total of 58 bird species over the 2 breeding 
seasons (Appendix B). Numbers of species observed, 50 and 52 in 1999 and 2000, 
respectively, were similar. Of the 58 total species observed, 44 (75.9%) were observed 
during both breeding seasons while the remaining 14 (24.1%) species were observed in either 
1999 or 2000. Six species (ruby-crowned kinglet, Blackburnian warbler, palm warbler, 
blackpoll warbler, eastern phoebe and yellow-bellied flycatcher) were detected in 1999 only, 
compared to 8 species (hairy woodpecker, brown creeper, Hammond’s flycatcher, evening
23
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Figure 2.8 Sample means of tall shrub, subcanopy, and canopy heights (m), canopy
closure (%), and volume of coarse woody debris >11 cm dbh (m^) sampled 
1999 and 2000 in partial-cut and uncut boreal forest stands in the Fort Nelson 
Forest District, British Columbia, 1999-2000.
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grosbeak, pileated woodpecker, blue-headed vireo, common merganser and red-tailed hawk) 
detected in 2000 only. Of total species observed, 51.7% were neotropical migrants, 29.3% 
were short-distant migrants, and 19.0% were resident species. Observations included 4 of the 
5 neotropical migrants listed as “red” (threatened or endangered) or “blue” (vulnerable) in 
British Columbia (EC Species and Ecosystems Explorer 2003). These 4 were the Canada 
warbler, Connecticut warbler, Cape May warbler, and bay-breasted warbler.
Mean species richness in partial-cut stands was 32.7 and 30.0, respectively, in 1999 
and 2000 compared to 29.0 and 32.5 in uncut stands. There was no significant difference in 
cumulative species richness per point-count station among the partial cuts in 1999 (F=0.959, 
df=3, P=0.427) or in 2000 (F= 1.040, df=3, P=0.392). I therefore grouped the partial-cut data 
for all 4 stands for further analysis. Similarly, because no significant difference was found 
between the uncut stands in 1999 (F=0.187, df= l, P=0.670) or 2000 (F=0.441, df=l, 
P=0.513), I grouped these for further analysis.
Mean cumulative species richness per point-count station in 1999 was 11.52 (SE = 
1.55) and 9.38 (SE = 2.32) for partial-cut and uncut stands, respectively, compared to 11.66 
(SE = 2.09) and 10.83 (SE = 2.48) in 2000. Cumulative species richness per point-count 
station in 1999 differed significantly between partial-cut and uncut stands (F=16.103, df=l, 
P<0.001), whereas species richness per point-count station in 2000 did not differ 
significantly between partial-cut and uncut stands (F=1.714, df=l, P=0.196).
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Species diversity (H ') differed among the partial-cut stands and differed from year to 
year. The combined values for partial-cuts were about 10% higher than those in uncut stands 
in both years (Table 2.2).
Bird Species Abundance and Distribution
Forty-three species had sufficient sample size to be analyzed for differences in 
species abundance between years (Table 2.3). Of these, 5 species showed a significant 
(P<0.05) difference in abundance between years and so the data could not be combined for 
further analysis.
The data indicate differences in how individual bird species were distributed among 
uncut and partial-cut stands. Of the 35 species observed in 1999 and included in the analysis 
[Appendix C(a)], 8 were detected only in partial-cut stands (winter wren, mourning warbler, 
alder flycatcher, northern flicker, Connecticut warbler, white-winged crossbill, red-eyed 
vireo, and palm warbler). Of the 39 species analyzed from the 2000 data set [Appendix 
C(b)], 10 were detected only in partial-cut stands (mourning warbler, least flycatcher,
Lincoln sparrow, cape may warbler, downy woodpecker, three-toed woodpecker,
Connecticut warbler, evening grosbeak, Hammond’s flycatcher, and black-and-white 
warbler). When the 1999 and 2000 data were eombined, only the mourning warbler and 
Connecticut warbler were consistently detected in partial-cut but not in uncut stands.
Conversely, 3 species in 1999 (varied thrush, solitary sandpiper and yellow-bellied 
flycatcher) and 3 in 2000 (Canada warbler, western wood-pewee and hairy woodpecker) 
were detected only in uncut stands and not in partial-cut stands. When the 1999 and 2000
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Table 2.2. Shannon-Wiener diversity index (H') for bird species detected in 1999 and
2000 in partial-cut (P1-P4) and uncut (C1-C2) boreal forest stands in the Fort
Nelson Forest District, British Columbia, 1999-2000.
Stand
1999
Species
Richness
(H')
2000
Species
Richness
(H')
P i 18 3J8 14 3J3
P2 27 3 91 29 T85
P3 18 T86 22 T80
P4 17 3.58 19 T68
C l 23 T69 23 T62
C2 21 T51 24 3.59
P1-P4 combined 32 4.14 36 4.03
C l and C2 combined 27 3.70 29 T67
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Table 2.3. Species code, abundance index, between-year chi-square values, and P-values 
of birds observed in 1999 and 2000 within 100-m radius point-count stations 
in boreal forest stands in the Fort Nelson Forest District, British Columbia.
Species
Cod^ 1999 2000 pb
TEWA 299 441 9.270 0.084
MAWA 143 127 5.295 0363
SWTH 111 139 0.252 4323
WTSP 86 120 L488 3.115
OVEN 81 123 3.237 :L016
YBSA 76 108 L622 3342
WETA 73 51 8.291 0.139
PISI 99 11 <0.000 0.000
CHSP 50 57 0.024 1.754
BBWA 33 52 1.754 3321
AMRO 34 36 0T89 3.984
RBNU 37 33 L332 2734
LEFT 54 13 <0.000 0.000
MOWA 11 53 2L362 0.000
WIWR 26 30 0.004 0.947
WAYI 33 19 6395 0366
YRWA 17 23 0T95 4309
ALFL 7 32 12.339 0.017
RBGR 15 19 0TW8 4T36
AMRE 11 20 L376 2 890
DEJU 14 10 1.474 2922
REVI 2 22 1T695 0.009
NOWA 12 9 1.053 3348
WWCR 3 17 7.730 0 185
LISP 12 7 2256 2361
CAWA 7 9 0332 2373
BAWW 13 2 9995 0360
NOEL 5 8 0396 5.277
CMWA 8 3 3.167 2.028
GRJA 0 11 9364 0.082
WWPE 8 2 4359 0.927
BCCH 0 8 6310 0.299
COWA 3 3 0.039 3374
CCSP 0 4 3^35 L885
DOWO 0 3 2354 2861
TTWO 0 3 2354 2.751
EVGR 0 2 L703 3.455
HAFL 0 2 L703 3363
HAWO 0 2 L703 3.071
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Table 2.3 (continued)
Code 1999 2000 X": P
PAWA 2 0 2349 3 008
SOSA 2 0 2349 2383
VATH 2 0 2349 2.757
YBFL 2 0 2349 2.632
Total species 35 39 43
Total detections 1391 1634
“ Species are listed in order from most to least abundant. Only those species with 2 or more observations per 
site were included in analysis. Common and scientific names are provided in Appendix B.
*’P-values are sequential Bonferroni corrected (Rice 1989). Values in bold indicate B<0.05.
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data were combined, no species were consistently found only in uncut and not in partial-cut 
stands.
The 100-m radius point-count data for 11 species in each breeding season were 
evaluated to identify differences in species distributions among stands. G-test comparisons 
of abundance in uncut versus partial-cut stands yielded significant results for 7 species in 
1999 (P<0.05) (Table 2.4). Of these, Tennessee warbler, Swainson’s thrush, ovenbird, and 
western tanager were detected more often than expected in uncut stands compared to partial- 
cut stands. Conversely, least flycatcher, pine siskin and white-throated sparrow were 
detected more often than expected in partial-cut compared to uncut stands. For the 2000 
data, G-test comparisons of abundance in uncut versus partial-cut stands yielded significant 
results for 7 species (F<0.05) (Table 2.5). Of these, Swainson’s thrush, ovenbird, bay­
breasted warbler, and western tanager were detected more often than expected in uncut 
stands compared to partial cuts. The opposite was found for the mourning warbler, white- 
throated sparrow, and American robin.
G-test comparisons of abundance among partial-cut stands yielded significant results 
for 6 species in 1999 (P<0.05) (Table 2.4). Relatively high abundance values for 3 of these 
(Tennessee warbler, magnolia warbler, white-throated sparrow) suggested a selection for 
conditions in the P2 stand. Absence of ovenbird, pine siskin, and red-breasted nuthatch in PI 
suggested avoidance of conditions in that stand. For the 2000 data, G-test comparisons 
among partial-cut stands yielded significant differences for 7 species (Table 2.5). As for the 
1999 data, relatively high abundance of several species suggested selection for conditions in
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Table 2.4. Species code, number of detections, G-test values, and f-values (F=0.05) for birds
observed in 1999 in partial-cut (P1-P4) and uncut boreal forest stands in the Fort
Nelson Forest District, British Columbia.
1999 Migratory
Strategy^
PI
(n=4)
P2
(n=13)
P3
(n=5)
P4
(n=7)
Uncut
(n=24)
Comparisons 
between uncut 
and partial-cut 
stands
G-test P
Comparisons 
among partial- 
cut stands
G-test P
TEWA NTM 19c 79b 12a 23a 166b 12.547 <0.001 14.825 0.002
MAWA NTM 9a 58b 13c 3a 60c 0.639 0.424 33379 <0.001
SWTH NTM 5c 23c 11c 7c 65b 7.821 0.005 3.317 0.345
OVEN NTM Oa 8a 12b 8b 53b 13.217 <0.001 16332 <0.001
WETA NTM 6b 11a 10b 4a 42b 4368 0.037 6.269 0.099
LEFL NTM 6b 10a 6c 16b 16a 5498 0.019 7348 0.056
CHSP NTM 7b 13a 2a 10b 18a 1J53 0T85 4373 0.181
PISI SD Oa 32a 11a 49b 7a - « 0 .0 0 1 - « 0 .0 0 1
WTSP SD 19b 42b 6a 8a 11a - « 0 .0 0 1 19393 <0.001
YBSA SD 3a 12a 17b 17b 27a 2.957 0.085 16.440 <0.001
RBNU SD Oa 13b 3c 3a 18c 0T66 0.683 7380 0.055
a; observed numbers < expected numbers; b: observed numbers > expected numbers; c; observed 
numbers not significantly different from expected numbers
NTM = neotropical migrant species; SD = short-distant migrant species
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Table 2.5. Species code, number of detections, G-test values, and f-values (P=0.05) for
birds observed in 2000 in partial-cut (P1-P4) and uncut boreal forest stands in
the Fort Nelson Forest District, British Columbia.
2000 Migratory
Strategy^
PI
(n=4)
P2
(n=13)
P3
(n=5)
P4
(n=7)
Uncut
(n=24)
Comparisons 
between uncut 
and partial-cut 
stands
G-test P
Comparisons 
among partial- 
cut stands
G-test P
TEWA NTM 41c 107c 40c 43c 2 1 0 c 0.968 Œ325 5.666 0.129
SWTH NTM 5a 34b 11b 7a 8 2 b 10.457 0.001 7.800 0.050
MAWA NTM 8c 51b 4a 3a 6 1 c &384 0.535 - « 0 .0 0 1
OVEN NTM Oa 6a 19b 5a 9 3 b - « 0 .0 0 1 - « 0 .0 0 1
CHSP NTM Oa 2 2 b 5a 11b 19a 3.341 0.068 12.274 0.007
MOWA NTM 9b 2 9 b Oa 15b Oa - « 0 .0 0 1 19J58 <0.001
BBWA NTM 0 * 2 4 0 4 6 b - « 0 .0 0 1 *
WETA NTM Oa 7a 5b 9b 3 0 b 3.719 0.054 9.046 0.029
WTSP SD 16b 54b 8a 16a 26a - « 0 .0 0 1 10.944 0.012
YBSA SD 6c 2 2 c 17c 14c 4 9 c 0.000 0.985 5.147 0.161
AMRO SD 7c 13c 3c 5c 8a 8T91 0.004 3.270 &352
a; observed numbers < expected numbers; b; observed numbers > expected numbers; c: observed 
numbers not significantly different from expected numbers
*The number of detections among treated sites was too small (expected < 3) to conduct the G-test 
among partial-cut stands.
NTM = neotropical migrant species; SD = short-distant migrant species
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the P2 stand, and absence of several species suggested avoidance of conditions in the PI 
stand.
When similar analyses were attempted using the 50-m radius point-count data to 
evaluate whether differences in detectability among stands had biased the results, only 3 
species had adequate sample size for statistical analysis. Of these, Tennessee warbler and 
magnolia warbler in 1999 showed no significant difference (P=0.259 and P=0.830, 
respectively) in the number of detections between partial-cut and uncut stands. Yellow- 
bellied sapsucker was observed more often than expected in uncut (P=0.049) compared to 
partial-cut stands. In 2000, magnolia warbler and yellow-bellied sapsucker did not show 
significant differences (P=0.755 and P=0.449, respectively) between partial-cut and uncut 
stands. Tennessee warbler was observed more often (F=0.001) than expected in uncut 
compared to partial-cut stands.
DISCUSSION
Bird Community Characteristics and Bird Species Abundance and Distribution
My findings of similar species richness in partial-cuts and uncut stands are consistent 
with other studies of partial-cutting and variable retention in boreal forest (Norton and 
Hannon 1997, Lance and Phinney 2001, Harrison 2002). Harrison (2002) suggested that as 
the level of structural retention increases (0, 10, 20, 50 and 75%), there is increased similarity 
in the bird community between partial-cut and uncut stands compared to clearcut and uncut 
stands. My findings in partial-cuts of the Fort Nelson Forest District, where approximately 
40% of mature trees were retained, are comparable to Harrison’s (2002) results in stands
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where 50% of structure was retained. My species richness findings are similar to those 
reported by Lance and Phinney (2001) in partial-cuts (15-20% retention) and uncut stands in 
sub-boreal forest in central interior British Columbia.
My findings of more Swainson’s thrushes, ovenbirds, and western tanagers (habitat 
specialists preferring mature to old-growth forest interior) in uncut old growth than in partial- 
cut stands are consistent with some findings in Alberta’s boreal mixedwood forest (Schieck 
et al. 2000, Harrison 2002), but not others (Tittler et al. 2001). Like my study in boreal 
forest, Lance and Phinney (2001) found Swainson’s thrushes and western tanagers in 
association with uncut mature forest stands in sub-boreal forest in British Columbia. My 
findings for chipping sparrow and American robin were consistent with results from Alberta 
and British Columbia in that detections in partial-cut stands exceeded those in uncut stands. 
Both are habitat generalists found in association with edges of coniferous and deciduous 
woodlands and regenerating cutblocks (Campbell et al. 1997 and 2001).
My findings for some species contrasted with other studies. For example, I found that 
mourning warbler, white-throated sparrow, yellow-bellied sapsucker, least flycatcher, and 
pine siskin were more abundant in the partial-cut stands, whereas in Alberta they were more 
abundant in old-growth stands (Schieck et al. 2000). These species are considered habitat 
generalists that prefer open, mature aspen or mixedwood forests with a shrubby understory 
and some edge (Campbell et al. 1990 and 2001). Of particular interest is the mourning 
warbler, which I did not detect in uncut stands in either breeding season. Elsewhere, the 
mourning warbler has been found to be more abundant in harvested stands (Schieck et al.
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2000, Harrison 2002). Tittler et al. (2001) found that mourning warbler abundance was 
higher in the uncut stands than in cutblocks the first year after harvest. These differences 
disappeared by the third year after harvest suggesting that the regenerating cutblocks were 
providing appropriate mourning warbler habitat. Mourning warblers are habitat generalists 
that prefer second growth or disturbed woodlands for breeding habitat, but may also be found 
in mature to older forest stands (Campbell et al. 2001). My findings of mourning warblers 
only in the partial-cut stands are consistent with this habitat preference. I found no difference 
in the abundance of magnolia warbler and red-breasted nuthatch between partial-cut and 
uncut stands, whereas Schieck et al. (2000) found greater abundance in old-growth stands in 
Alberta as did Lance and Phinney (2001) in mature forest stands in British Columbia. 
Magnolia warblers breed in mature mixed woods or coniferous forest while red-breasted 
nuthatches prefer mature and old-growth coniferous or deciduous forests as breeding habitat 
(Campbell et al. 1997 and 2001). My results suggest that appropriate magnolia warbler and 
red-breasted nuthatch breeding habitat was present in partial-cut stand P2 and the uncut 
stands.
A possible explanation of these results is that the stand structural characteristics of the 
partial-cut stands 1 studied represent those conditions that fall within the historic range of 
stand structure variability of the boreal forest. It has been shown that bird species richness in 
a particular stand depends on the foliage profile (foliage density plotted against height) and 
not on floristic composition of the stand (MacArthur and Mac Arthur 1961, Mac Arthur et al. 
1962, MacArthur 1972). For example, a pure aspen stand would have the same number of 
bird species as a mixedwood stand if both stands have the same foliage profile. In addition to
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the foliage profile, each bird species requires a certain mosaic of vegetation patches with 
particular habitat characteristics across the landscape. The number of different vegetation 
patches on the landscape determines the bird diversity in the area (MacArthur and MacArthur 
1961). Foliage profile and landscape patchiness are equivalent to vertical and horizontal 
heterogeneity, respectively (Hunter 1990). Similarities in bird species richness that I 
observed in partial-cut and uncut stands may reflect similarities in the vertical and horizontal 
structure of habitat. However, measures of species richness and indices of diversity such as 
the Shannon-Wiener index should be used with caution. While useful for general ecological 
comparisons, weighted diversity indices quantify relative abundances of species in a group 
likely comprised of many individuals of a few common species and a few individuals of 
many rare species. The index does not give an indication of species composition, but rather 
an indication of how certain a correct prediction for the next species would be (Krebs 1994). 
Despite these measurement limitations, the species richness and diversity results of my study 
suggest partial-cut harvesting met the objective of retaining stand structure characteristics 
used by boreal forest birds.
Although the partial-cuts appear to have retained stand structure characteristics and 
bird species richness and diversity similar to that of uncut stands, there were differences in 
species distribution amongst the partial-cut stands. For example, P2 had highest abundance 
of some species (e.g., mourning warbler and white-throated sparrow) whereas PI had several 
species absent (e.g. ovenbird, pine siskin, red-breasted nuthatch, chipping sparrow and bay­
breasted warbler). Several factors may be contributing to this difference in bird species 
distribution. First, there is a difference in year of harvest. Two sites were harvested in 1997
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(PI and P2) and 2 sites were harvested in 1999 (P3 and P4), and so they were in different 
stages of succession and stand structure during this study. Second, each partial-cut stand was 
a different size, with a range of 22 -  77 ha among the four. Also, each was harvested with a 
different configuration of machine corridors, wind buffers, softwood retention strips and 
wildlife habitat patches. The combination of different harvesting patterns and stand sizes 
resulted in different habitat characteristics distributed across each stand. The particular 
distribution of vegetation patches (horizontal heterogeneity) at each site defined the bird 
community at each stand (MacArthur and MacArthur 1961). For example, PI was the 
smallest partial-cut stand with the least similar harvesting pattern compared to the other 
stands. Fifteen-meter wind buffers were spaced 60 m apart across the stand, compared to the 
other partial-cut sites where wind buffers of varying widths were evenly spaced at close 
intervals across each site. When conducting bird surveys, 1 observed that PI was very open 
with few patches of aspen and spruce compared to the other sites, which may explain why 
several species were not detected at this site. For example, ovenbird, pine siskin and red­
breasted nuthatch were not observed at P I. They prefer mature to old-growth mixedwood 
forests, habitat attributes not present at this site. P I did not have wildlife patches or slash 
piles (they had been burned) on the site whereas the other partial-cut stands had very large 
slash piles left on the access road around the perimeter of each stand, and wildlife patches 
were present. These additional features added both vertical and horizontal heterogeneity to 
P2, P3 and P4 compared to P I, thus providing more nesting and foraging opportunities for a 
wider variety of bird species.
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A further difference between the partial-cut stands was that all stands had single-pass 
harvest systems except P3, which had a 2-pass system. This meant that only half the volume 
of wood had been removed from P3 compared to the other stands with the remaining volume 
of wood planned for harvest at some time in the future (second pass). The structure of this 
stand more closely resembled the structure of the uncut stands because of the difference in 
harvest systems. This is reflected in the bird species detected at P3 where some species that 
preferred the structure of the uncut stands were detected more often in P3 than at any other 
partial-cut stand (e.g. ovenbird and Swainson’s thrush). The results of my study suggest that 
bird occurrence in partial-cuts is variable, and the differences may reflect in part the different 
structural conditions that result from the treatment applied. It is probable that the naturally 
patchy landscape of the boreal forest also contributes to the variability observed. More 
research is needed to determine what types and combinations of alternative harvesting 
systems are most effective at retaining a wide variety of stand and landscape-level habitat 
characteristics appropriate for the boreal forest bird community, while at the same time 
achieving forest management objectives.
Natural Disturbance Patterns
A management paradigm currently applied in British Columbia and elsewhere is that 
biodiversity is more likely to be maintained if forests are managed to emulate the effects of 
natural disturbance agents such as fire, wind, insects and disease (B.C. Government 1995). 
For boreal forest birds, this suggests that forest management should seek to emulate habitat 
conditions that results from fires, the dominant natural disturbance agent in boreal 
ecosystems (Hunter 1993, DeLong and Kessler 2000, DeLong 2002). The naturally patchy
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mosaic of the boreal forest landscape, as well as the complexity of forest structure and 
floristic composition, is due to fire (Rowe and Scotter 1973, Zackrisson 1977, Andison 1996 
and Schneider 2000). The average fire return interval is approximately every 100 years with 
large (> 100,000 ha) fires common (Rowe and Scotter 1973 and Johnson 1992). Variations 
in fire intensity reflect microvariations in topography and vegetation within the stand (Rowe 
and Scotter 1973). Forest stands created by fire vary in size and are even-aged with abrupt 
edges adjacent to stands of different age, structure and composition. Fires do not bum 
everything in their path, but rather, some patches of forest remain unbumed due to 
differences in wind, topography and the distribution of wetlands and waterbodies on the 
landscape (Eberhart and Woodward 1987). A combination of the frequency, size and 
intensity of boreal forest fires determines the composition and structure of vegetation in the 
forest and results in a patchy mosaic of different stand types and successional stages across 
the landscape.
The partial-cut stands in my study have structural features that probably resemble 
partially-burned or remnant stands within the boreal forest mosaic. The partial-cuts range in 
size, are even-aged with abmpt edges adjacent to stands with different age, structure and 
composition and there are retained structures in the form of wildlife patches, softwood 
retention strips and wind buffers. Despite the fact that the retention strips, wind buffers and 
machine corridors were not randomly placed across the stand, the resulting structural 
characteristics do provide habitat for boreal forest birds. Like a post-fire stand, the partial- 
cuts were characterized by a heterogenous pattern of live trees and large snags left from the 
previous forest among a dense stand of young aspen suckers. Large, old (>100 years), live
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aspen trees remained at each site with an understory of mature (60 years) white spruce.
Large snags were present throughout each stand. Young aspen suckers were present in the 
stands harvested in 1997 (PI and P2) and were just beginning to be measurable in the stands 
harvested in 1999 (P3 and P4).
Is partial-cutting a preferred practice over clearcutting in the Fort Nelson Forest 
District? If maintaining biodiversity of forest birds is a management objective, it follows that 
forest companies should apply silvicultural options that maintain habitat patterns and 
structural conditions within the natural range of variation in these boreal forest landscapes. 
Until recently, the Biodiversity Guidebook (B.C. Government 1995) provided resource 
managers with guidelines for meeting biodiversity objectives in accordance with the Forest 
Practices Code of British Columbia (FPC). These guidelines were more related to 
maximizing harvest volume or species-specific habitat management (e.g. ungulate winter 
range) through serai stage distribution, patch size, stand structure and species composition 
limits. In an attempt to refine the idea of using natural disturbance events as a guideline for 
forest management, DeLong (2002) redefined the natural disturbance types (NDT) presented 
in the Biodiversity Guidebook with 9 natural disturbance units (NDU) for the boreal forest in 
the Prince George Forest Region. These NDUs are more representative of the differences in 
natural disturbance processes, stand development and temporal and spatial patterns across the 
region than the NDTs (DeLong 2002). DeLong (2002) presents forest management targets 
[e.g., range of stand age proportions, patch size, percent disturbance type (stand or gap 
replacement), stand characteristics for young, mature, remnant and old matrix forest] for the 
Boreal Plains-Upland NDU in the Fort Nelson Forest District, based on the boreal forest’s
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historic range of variability (100-year fire cycle). Through the use of NDUs, landscape 
composition, spatial and temporal distribution of forest age classes and edge effects will, 
therefore, be included when using NDUs to manage the boreal forest bird community 
(Thompson et al. 1993). Emulating natural disturbance processes at regional, landscape and 
stand levels, thereby maintaining vertical and horizontal heterogeneity, should minimize 
habitat loss and fragmentation effects on the boreal forest community.
Further research is required in the boreal forest of northeastern British Columbia 
regarding bird species abundance and distribution. Limited conclusions may be drawn from 
this study because it is a very short-term study that does not address cause and effect 
relationships between partial-cut treatments and boreal forest birds. Treatment effect (the 
specific effect of partial-cutting on the bird community) could not be statistically determined 
due to inadequacies in study design (no real replicates because the sites were designed as a 
demonstration and not as an experiment, differences in partial-cut harvesting between sites 
and small sample size). More long-term studies with a more rigorous experimental design 
are required in northeastern British Columbia to determine treatment effects, bird 
productivity and population viability (Sallabanks et al. 2000). Preharvest data as well as real 
replicates and increased sample size to give enough power [the probability of rejecting the 
null hypothesis when it is false (Zar 1996)] to statistical analysis are necessary to better 
understand the relationships between harvesting and the boreal forest bird community. Once 
treatment effects are determined, it is important to follow-up with further studies to establish 
whether human-altered landscapes are becoming population sinks for certain bird species or 
whether bird species are being reproductively successful and their populations remain viable.
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Long-term monitoring of bird populations is also required to determine trends of bird 
populations in northeastern British Columbia, and species at risk in particular (e.g., the 4 
provincially red and blue-listed bird species identified at my study sites). Relationships 
concerning source and sink habitats also merit investigation. For example, are the partial-cut 
stands and slash piles acting as an ecological trap for winter wrens (i.e., are the winter wrens 
selecting poor habitat over superior habitat) or are the winter wrens using the partial-cut sites 
for successful reproduction and dispersal? Connecticut warblers also appear to be 
exclusively using the partial-cuts in this area; are they successfully reproducing? Forest 
companies should continue to collaborate with researchers in conducting applied ecological 
experiments at different spatial and temporal scales to determine bird-habitat associations 
and the effects of forest harvesting in the Fort Nelson Forest District.
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CHAPTER 3; COMPARISON OF TWO FOREST BIRD CENSUS TECHNIQUES 
INTRODUCTION
Counts of bird detections are widely used to assess the abundance, distribution and 
population status of terrestrial birds. Such counts may also be used as response variables in 
bird-habitat models. Fixed-radius point-count surveys and fixed-width transect surveys, 2 
common bird census techniques, provide an index to relative population density based on a 
fixed area (Rosenstock et al. 2002). Habitat features may be sampled in association with bird 
detections at point-count stations or along transects to assess bird-habitat relationships.
Transect surveys are often preferred over point counts in large, open areas whereas 
point-count surveys are more often used in forested habitats (Ralph et al. 1993, Bibby et al. 
2000). The 2 methods differ in how distance is measured and what the counting unit is. The 
fixed-width transect method uses a fixed perpendicular distance on each side of a line 
(transect), and the distance traveled along the transect is fixed to delineate the sample area.
In fixed-radius point counts, the observer stands at a fixed point and records the distance to 
each bird detected during a certain period of time, within a specified maximum radius from 
the observer (Bibby et al. 2000). The transect method is considered more efficient than point 
counts in detecting birds per unit time. It is considered more accurate because survey bias 
increases linearly by transect sample area rather than by square as in circular point count 
sample area (Bibby et al. 2000). However, point counts are considered better at providing 
more complete bird data with respect to habitat types for areas sampled if the sampling 
stations are adequate in number and spatial distribution (Ralph et al. 1993, Bibby et al. 2000).
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Several point counts placed across a study area, particularly in forested habitat, will 
potentially provide data on a greater variety of habitat types than one transect bisecting the 
same study area. The transect may not cover all habitat types within the study area because 
of its linear nature and its placement on the landscape; therefore, data obtained may not be as 
comprehensive as for point counts. If several transects traversed the same study area, thereby 
increasing the habitat types surveyed, the data would be more comparable to the point count 
data.
One main assumption of the fixed-width transect and the point-count methods is that 
bird detectability remains constant (i.e., all birds are fully detectable from the observer’s 
location) (Bibby et al. 2000). This assumption is difficult to test because detectability is 
influenced by observer ability, by the habitat in which the survey is taking place, by 
differences in bird behaviour (e.g., rate of song, cryptic species, time of day), by distance 
between bird and observer, and by various other factors. Other assumptions of both survey 
methods are that birds do not move before detection, birds behave independently of one 
another, distance estimates are accurate, and birds are correctly identified (Bibby et al. 2000). 
The similarities in theory and assumptions of these 2 techniques, however, permit 
comparison of the bird abundance data generated by them.
Schmiegelow et al. (1999) and Vernier et al. (2002) developed predictive models for 
birds and habitats in the boreal forest of northern Alberta (see Chapter 4 for further details). 
Development of these species-specific statistical models was based on bird abundance data 
from fixed-radius point-count surveys and associated habitat data (Vernier et al. 2002). A
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main criticism of bird-habitat models is that they are seldom validated across different 
geographic areas and at different scales (Hansen et al. 1999, Vernier et al. 2002). I had an 
opportunity to assist with the validation of the Alberta models using data collected in a 
partial-cut study in the Fort Nelson Forest District in British Columbia (see Chapter 2) that 
used the same bird and habitat protocols as the Alberta study. There was also the potential to 
expand the validations using a large data set collected with the transect method from the 
Dawson Creek area in northern British Columbia (Lance and Phinney 1996a, 1996b). First, 
however, 1 needed to determine whether bird abundance data collected by Lance and Phinney 
(1996a, 1996b) could be transformed to the point-count format required by tbe Alberta 
models. To make that determination, 1 had to survey birds using the transect protocols of 
Lance and Phinney (1996a and 1996b), and simultaneously survey the same areas using the 
point-count protocols of Schmiegelow et al. (1999) and Vernier et al. (2002). For species 
showing a high correlation between the 2 methods, 1 might reasonably transform the transect 
data to point-count format so that the large Dawson Creek data set eould be used in my 
model validations. This would make efficient use of an existing data set to evaluate 
performance of boreal forest species-habitat models in an expanded range of locations and 
habitat conditions.
METHODS
The study area and treatments of the various sites are described in detail in Chapter 2.
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Bird Sampling
The same transects used to position point-count stations (see Chapter 2) were used to 
conduct fixed-width transect surveys according to the protocol of Lance and Phinney (1996a 
and 1996b). A fixed width of 40 m on each side of the line was used. I walked slowly 
(about 1 minute per 15 m) along the transect and identified and recorded all birds seen or 
heard, by species, for each 20-m segment of transect. As for the point count surveys 
described in Chapter 2, species code, sex (if known), behaviour code, location and other 
relevant observations were recorded as well as starting and ending time for each transect, 
transect location, date, wind-speed (Beaufort scale), cloud cover, observer's name and 
additional notes of interest. Incidental observations are described in Appendix E.
All transect surveys were conducted between 0.5 hr before sunrise (approximately 
3:30 a.m.) and 10:00 a.m. The observer halted during periods of gusting wind so that quiet 
singers, such as the golden-crowned kinglet, would not be overlooked (Schmiegelow 1999a). 
If continuous wind > 25 km/hr (Beaufort level = 5, small branches move) interfered with 
detections in a stand being surveyed, then the survey was repeated another day. Transect 
surveys were conducted in light rain, but not in heavy rain. If showers persisted < 30 
minutes, a survey was resumed.
Because transect surveys were being conducted at the same time as the point-count 
surveys described in Chapter 2, 2 observers were required. To avoid observer bias, both 
observers received extensive bird identification (sight and sound) and distance estimation 
training and standardization prior to conducting formal surveys for both point count and
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transect survey methods. Each transect was flagged every 20 m for data collection. Flagging 
also provided a visual aid for distance estimation if required. The 2 observers alternated 
between point counts and transect surveys to ensure any observer bias present affected both 
survey methods equally. The starting order and direction of transect surveys was varied to 
avoid time-of-moming bias. This ensured that each section of the transect was visited at 
different times of the morning to account for temporal differences in singing behaviour 
amongst bird species.
DATA ANALYSIS
Total bird species richness and abundance were summarized by survey method, stand 
and year. Only detections < 100 m from point-count stations or < 40 m from transect 
centerlines were included in the analysis. The sample means and standard errors ( x ± S E )  
for the number of bird species and number of detections were summarized by survey method 
and year. I tested for differences in species richness and abundance between survey methods 
using the Wilcoxon signed-ranks test in SYSTAT 8.0 (SPSS 1998).
Data from both years were combined to increase sample size (n > 7). 1 assumed there 
was no year effect because transect and point-count surveys were always conducted in 
tandem, such that any year effect would apply to both bird survey methods equally. Bird 
detections by species were summed by visit (n=8) for partial-cut (n=32) and uncut (n=16) 
stands prior to analysis. Correlation analysis was conducted using the Spearman Rank 
Correlation algorithms in SYSTAT 8.0 (SPSS 1998). This non-parametric test is appropriate 
for observations based on ordinal and interval scales, whereas the parametric Pearson 
Product Moment Correlation test is appropriate for interval scale observations only.
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Although Spearman Rank Correlation is a weaker test, the non-normal distributions of the 
transect and point-count data indicated the need for a nonparametric test.
I used a Spearman Rank Correlation (Zar 1996) to compare data obtained from the 
transect and point-count methods for each species across all sites on each of 8 visits to 
determine the degree of correlation in species abundance obtained by the 2 methods. Two 
additional correlation analyses were performed: comparison of early season (visit 1) and late 
season (visit 4) detections by species, and comparison of species detections in the partial-cut 
and uncut stands. These additional analyses were performed to investigate how timing of 
surveys and habitat type affected correlation between survey methods. Visit-1 surveys in 
1999 and 2000 were conducted June 8—11 and June 5—9, respectively. Visit-4 surveys were 
June 26—29 in both 1999 and 2000. I made the comparisons by calculating the Spearman 
Rank Correlation Coefficient (rg) for each bird species for visits 1 and 4 across all sites for 
both years ( Zar 1996). I used the Fisher z transformation to compare the 2 correlation 
coefficients (Sokal and Rohlf 1987 and Zar 1996). Each rg was converted to a normally 
distributed z value prior to calculating a t-test for statistical significance. The same 
procedures were used to compare species detections in partial-cut stands with those in uncut 
stands.
RESULTS
Estimates of bird species richness obtained from the point-counts were higher for 5 of 
the 6 stands in both years than estimates from the transect surveys (Eigure 3.1). Similarly, 
number of individual detections obtained from point-count surveys was consistently higher 
across all sites and both years compared to the transect surveys (Figure 3.2).
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□  1999 transects
□  1999 point counts 
O 2000 transects
2000 point counts
Figure 3.1. Comparison of the number of bird species detected in fixed-width transect and 
point-count surveys at 6 locations in the Fort Nelson Forest District, British 
Columbia, in 1999 and 2000.
49
600
500
400
3
2
300
T3
.s
6 200
Z
100
0
H 1999 transects
El 1999 point 
counts_______
PI P2 P3 P4 Cl C2
Site
Figure 3.2. Comparison of the number of bird species individuals detected in fixed-width 
transect and point-count surveys at 6 locations in the Fort Nelson Forest 
District, British Columbia, in 1999 and 2000.
50
The sample mean of the number of species detected was greater for the point-count method 
in 1999 (x  = 29.83, SE = 1.74) and 2000 (x  =30.17, SE =2.54) compared to species detected 
in 1999 (x  = 24.12, SE = 1.19) and 2000 (x  = 24.12 , SE = 2.75) by the transect method. 
Overall, there was an increase in the number of individuals detected in 2000 compared to 
1999 for both survey methods (Figure 3.2). The number of individuals detected by the point- 
count method in 1999 (x  = 251.83, SE = 47.07) and 2000 (x  = 310.33, SE = 62.86) was 
higher than the number of individuals detected by the transect method in 1999 (x  = 146, SE 
= 26.66) and 2000 (x  = 190.67, SE = 46.63), respectively. A significantly greater number of 
species were detected by the point-count method in 1999 (Z=2.207, P=0.027) and 2000 
(Z=2.032, P=0.042) compared to the transect method. The number of individuals detected by 
the point-count method was also significantly greater than the transect method in 1999 
(Z=2.201, P=0.028) and 2000 (Z=2.201, P=0.0280).
Fifty-three bird species were detected by transect surveys compared to 58 species 
detected by point-counts (Table 3.1). Forty-eight species were detected by both methods. 
Species detected only by transect were the chestnut-sided warbler, golden-crowned kinglet, 
song sparrow, spruce grouse and W ilson’s warbler. Species detected only by point-count 
were the Blackburnian warbler, common merganser, common snipe, downy woodpecker, 
pileated woodpecker, ruby-crowned kinglet, red-tailed hawk, blue-headed vireo, varied 
thrush and yellow-bellied flycatcher.
Spearman Rank Correlation Coefficient (r )^ analysis showed a very weak to modest 
correlation (r, = 0.123-0.66) between survey methods for 33 bird species and a strong to 
very strong correlation (r^  = 0.74-1.00) between survey methods for 15 species. Of the 15
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Table 3.1 Spearman Rank Correlation Coefficient and strength of correlation between 
survey methods by species by visit (n=8) across all sites over two years, Fort 
Nelson Forest District, British Columbia, 1999-2000.
Strength of
Species® rs" correlatii
ALFL 0.55 +
AMRE 0.68 +
AMRO -0.74 ++
BAWW 0.17 +
BBWA 0 3 4 +
BCCH Œ72 4-4-
BHVI
BLWA
BOCH 0.47 4-
BPWA 1 4-4-
BRCR 0.96 4-4-
CAWA -0T3 4-
CCSP -0.22 4-
CEWA 0.66 4-
CHSP 0.20 4-
CMWA 0.41 4-
COME
COM R49 4-
CORA -0.14 4-
COSN
COWA 0.77 4-4-
CSWA''
DEJU -Œ48 4-
DOWO
EAPH 0.66 4-
EVGR 1 4-4-
GCÀ7
GRJA 0.84 -H-f-
HAFL 0.99 4-4-
HAWO &22 4-
LEFT 0.75 4-4-
LISP 0.70 4-4-
MAWA 0.64 ■4-
MOWA 0.74 4-4-
NOFL 0.48 ■4-
NOWA 0.64 4-
OVEN 0.54 4-
PAWA 1 4-4-
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PISI 0.92 ++
PIWO
RBGR 0G8 +
RBNU -0.65 +
RCKI
REVI 0 3 6 +
RTHA
RUGR 0 38 +
SOSA 0.49 +
SO Sf
SPGR
SWTH 0.13 4-
TEWA 0 69 4-
TTWO 0.61 4-
VATH
WAVI 0 37 4-
WETA 0.83 4-4-
WIWA
WIWR 0.59 ■4-
WTSP 0.46 -t
WWCR 0.48 4-
WWPE 0 3 2 4-
YBEL
YBSA 0.12 4-
YRWA 0.76 -t”(-
® Species codes, common names and scientific names are described in Appendix B.
 ^Results in bold are statistically significant: (rs)o.o5(2),8=0.74 
Strength of correlation (after Fowler et al. 1998): + = 0.00-0.69 (a very weak to modest 
correlation); ++ = 0.70-1.00 (a strong to very strong correlation).
Five species were detected only by the transect method: CSWA = Chestnut-sided Warbler 
(Dendroica pensylvanica), GCKI = Golden-crowned Kinglet {Regulus satrapd), SOSP = 
Song Sparrow (Melospiza melodid), SPGR = Spruce Grouse {Dendragapus canadensis), and 
WIWA = Wilson’s Warbler (Wilsonia pusilla).
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species, a significant correlation [(rs)o.o5(2),8=0.74] between methods resulted for 11 species 
including blackpoll warbler, brown creeper, Connecticut warbler, evening grosbeak, gray jay, 
Hammond’s flycatcher, least flycatcher, palm warbler, pine siskin, western tanager and 
yellow-rumped warbler. Least flycatcher, western tanager and yellow-rumped warbler 
showed a significant correlation coefficient across all visits.
Correlation analysis comparing point-count and transect results between visit 1 (early 
season) and visit 4 (late season) yielded results for 24 bird species (Table 3.2). Significant 
correlation coefficients [ ( r s ) o .o 5 ( 2 ) , i 2 = 0 .5 9 ]  resulted for 12 species based on visit-1 data 
compared to 13 species based on visit-4 data. Seven species showed significant correlation 
between survey methods for visit 1 and visit 4 including bay-breasted warbler, Canada 
warbler, gray jay, magnolia warbler, ovenbird, Tennessee warbler and western tanager.
Using visit-1 data, 9 species showed a strong (r, = 0.71) to very strong correlation (r^  = 0.98) 
and for visit-4 data, 10 species showed a strong (p = 0.73) to very strong (r^  = 1.00) 
correlation.
Comparisons of r, between visit 1 and visit 4, by species, yielded significant results 
[Zo.o5(2) = to.o5(2),oo =1.96] for 8 bird species; alder flycatcher, Canada warbler, chipping 
sparrow, northern waterthrush, Swainson’s thrush, warbling vireo, winter wren and white­
winged crossbill. All are neotropical migrants except the winter wren and white-winged 
crossbill, which are short-distance migrants.
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Table 3.2. Comparison of Spearman Rank Correlation Coefficients (rj between survey
methods for visit 1 (n=12) and visit 4 (n=12) by species across all sites. Fort
Nelson Forest District, British Columbia, 1999-2000.
SSP
r/" 
(visit 1)
Fisher z 
transformation
r/" 
(visit 4)
Fisher z 
transformation T
ALFL 0.98++ 238 036 037 4.48
AMRE 0.43 0.46 0.63 0.74 -161
AMRO -0.07 -0.07 0.60 169 -1.61
BAWW (L57 0.65 0.00 0.00 138
BBWA 0.75++ 0.98 0.73++ 192 111
CAWA 0.64 035 1.00++ 3.11 -5.00
CHSP 0.08 0B8 0.79++ 1.06 -2.08
GRJA 0.74++ 0.95 0.74++ 0.95 0.00
LEFL 0.27 038 0.51 0.57 -162
MAWA 0.85++ 1.24 0.88++ 1.39 -0.30
MOWA R57 0.65 0.54 161 0.08
NOWA 0.28 039 1.00++ 3.25 -6.28
OVEN 0.90++ L47 0.79++ 1.IJ8 0.84
PISI 0.60 0.70 0J3 146 150
RBGR -039 4142 4).25 4125 -135
SWTH 0.92++ 1.62 147 151 2.34
TEWA 0.764-+ 1.00 0.76++ 0.99 0.03
WAVI 4120 4120 0.75++ 196 -2.47
WETA 0.75++ 0.97 0.62 172 154
WIWR 0.71++ 039 -0.07 4107 2.03
WTSP 0.56 163 -0.06 -0.06 1.46
WWCR -0.09 -0.09 1.00++ 230 -5.92
YBSA 0.60 0.70 033 0.34 0.76
YRWA (L38 0.40 121 031 0.40
‘‘Results in bold are statistically significant: (rs)o.o5(2),12=0-59
'’Strength o f correlation (after Fowler et al. 1998): ++ = 0.70-1.00 ( a strong to very strong correlation). 
"Results in bold are statistically significant: Zo,o5(2> = to.o5(2),~ =1.96
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Table 3.3. Comparison of Spearman Rank Correlation Coefficients ( r j  between survey 
methods by visit for partial-cut (n=32) and uncut (n=16) stands by species for 
both years combined, Fort Nelson Forest District, British Columbia, 1999- 
2000.
SSP
r;"
(Partial-
cut)
Fisher z 
transformation
rs""
(Uncut)
Fisher z 
transformation T
ALFL 0.66 0J8 0.754-4- 0.96 -0.54
AMRE 0.724-4- 0.91 0.27 R28 1.88
AMRO 0.45 0.49 0.47 0.51 4108
BAWW 0.12 0.12 0.14 0.14 4105
BBWA OJT 0.28 &49 0^3 4176
BCCH 0.734-4- 094 R23 R23 2.11
CAWA 0.52 0^7 (138 0.40 0^2
CHSP OJd 0J2 0.20 021 OJC
CMWA 0.45 o^a -0.15 -0.15 1.88
DEJU 0.28 0J9 -0.02 4102 0.94
GRJA 0.88-1—r 1.36 1132 0.34 3.08
HAWO 0.28 o jg -0.12 4113 1.24
LEFL 0.45 049 0.31 OJC 0^2
LISP 0 .884—r 1.39 -0.07 4107 4.38
MAWA 0.784-4- 1.04 0 20 120 2.53
MOWA 0.75-T4- 0.96 0.13 113 2.50
NOWA 0.60 0.69 0.66 0.80 4131
OVEN 0.60 0.70 0.61 171 -0.04
PISI 0.714-4- Oj# 0.16 116 2.20
RBGR 0.04 0.04 4120 -0.20 0.70
RBNU 0.25 OJ# -0.15 -0.15 1.22
REVI 0.45 Oj# -0.10 -110 1.73
SWTH 0.47 0.51 0.56 164 4138
TEWA 0 .864—H IJ# (180++ 1.09 059
WAVI 0.64 0.75 -0.10 -110 2.56
WETA 0.40 0.42 0.55 0.61 4158
WIWR 0.53 0^9 0.814-4- 1.14 -1.65
WTSP 0.69 QjW 0.64 175 127
WWCR 0.704-4- 0.87 0.63 0Y5 0.37
YBSA 0.48 0J2 0.68 182 4189
YRWA 0.10 OTO 0.16 0.16 4119
" Results in bold are statistically significant: (rs)o.o5(2),32=0-35 
Results in bold are statistically significant: (rs)o.o5(2),i6=0.50 
Results in bold are statistically significant: Zo.o5(2> -  to.o5(2),~ -1 .9 6  
‘‘strength o f correlation (after Fowler et al. 1998): ++ = 0.70-1.00 ( a strong to very strong correlation).
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Correlation coefficients between partial-cut and uncut stands yielded results for 31 bird 
species (Table 3.3). Correlations were significant for 23 species [ ( r s ) o .o 5 ( 2 ) ,3 2 = 0 .3 5 ]  in partial- 
cut stands compared tolO species in uncut stands [ ( r s ) o ,o 5 ( 2 ) , i 6 = 0 - 5 0 ] .  Ten species 
demonstrated significant correlation results in both partial-cut and uncut stands including: 
alder flycatcher, northern waterthrush, ovenbird, Swainson’s thrush, Tennessee warbler, 
western tanager, winter wren, white-throated sparrow, white-winged crossbill and yellow- 
bellied sapsucker. Nine species showed a strong to very strong correlation (r^  = 0.70-0.88) 
between survey methods based on data from partial cuts. Three species showed a strong to 
very strong correlation (r^  = 0.746-0.81) based on data from uncut stands.
Comparison of r, between partial-cut and uncut stands, by species, showed significant 
results [Zo,o5(2) = to.o5(2),~ =1.96] for 7 species: black-capped chickadee, gray jay, Lincoln 
sparrow, magnolia warbler, mourning warbler, pine siskin and warbling vireo. This result 
indicated a difference in r^  between partial-cut and uncut stands. A stronger correlation 
between survey methods (r^  = 0.64-0.88) resulted for partial-cut stands compared to uncut 
stands (r^  = -0.100 -  0.324).
DISCUSSION
Correlation results for the 2 bird survey methods, fixed-width transects and point- 
counts, were variable among birds detected in boreal forest habitats of northeastern British 
Columbia. Although 48 species were detected by both survey techniques, 15 additional 
species were detected by either one method or the other. Most of these 15 species were 
detected only once to a few times (e.g., common snipe, common merganser, red-tailed hawk.
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varied thrush). Several were “flyovers” by species other than songbirds, the target group of 
both methods.
Each fixed-radius point-count station encompassed a larger area than the fixed-width 
transect at the same location (3.14 ha versus 1.6 ha, respectively). This difference in area 
surveyed may explain why the point counts detected more species and individuals than the 
transects. The larger survey area covered a wider variety of habitats and more breeding 
territories, therefore capturing a wider diversity of species and higher numbers of individuals. 
These results conflict with those of other studies. Fletcher et al. (2000) detected more 
species using transects than point counts in the Florida Everglades, although the opposite was 
found for total number of individuals. Wilson et al. (2000) detected more species and more 
individuals using line transects than point-counts in the Mississippi Alluvial Valley.
However, fixed-width transects surveyed by Phinney and Lance (1999) in the Dawson Creek 
Forest District of northeastern British Columbia yielded fewer species (50) than fixed-radius 
point counts (60), which agrees with my results from the Fort Nelson Forest District. These 
differences among studies suggest that the relationship between data obtained from transect 
surveys and from point counts cannot be generalized. Rather, the relationships must be 
determined on a case-by-case basis.
Furthermore, the timing of bird surveys during the breeding season is likely to affect 
the relationship between point-count and transect data on a species-specific basis. Alder 
flycatcher, Swainson’s thrush and winter wren showed a stronger association between the 2 
survey techniques in early June (visit 1) than in late June (visit 4). Swainson’s thrush and
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alder flycatcher are neotropical migrants with peak migration movements through the Fort 
Nelson area occurring May 14—20 and June 6—12, respectively (Campbell et al. 2001). 
Despite the earlier arrival of the Swainson’s thrush the 2 species appear to have a similar 
breeding chronology. Swainson’s thrush is known to breed during approximately the 2“ *^ 
week of June to the F ‘ week of August. Alder flycatchers breed during a shorter period of 
time, from approximately the middle of June to the 3"^  week of July (Campbell et al. 2001). 
My results were consistent with these dates, as both species appeared to be more vocal (i.e., 
singing was more prevalent) at the beginning of June than at the end of June, suggesting they 
were actively protecting their breeding territories and attracting mates during the earlier 
period (Catchpole and Slater 1995). The similarity in detection of both species at the 
beginning of June suggests that Swainson’s thrushes may take more time between arrival at 
the breeding grounds and establishing their breeding territories than alder flycatchers.
Winter wrens are considered a short-distant migrant with an unknown migration chronology 
in the Fort Nelson area (Campbell et al. 2001). Formerly a scarce species there, its increases 
in the last decade may be related to increased logging (and resulting slash piles) in the area 
(J. Bowling, per s. comm.). For these 3 species, the strong and significant correlations 
between survey techniques in the early part of June suggest that this is the best time to obtain 
reliable survey results, for these species at least.
In contrast, Canada warbler, chipping sparrow, northern waterthrush, warbling vireo 
and white-winged crossbill showed stronger correlations between survey methods at the end 
of June. Except for white-winged crossbills, these species are considered neotropical 
migrants with peak arrival in the Fort Nelson area occurring during May 15- June 7
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(Campbell et al. 2001). This suggests that these species have settled on their territories and 
are more detectable later in the breeding season. White-winged crossbills are considered 
nomadic short-distant migrants that do not show the usual north-south migration pattern of 
other boreal bird species. Their movement patterns and the timing and extent of breeding are 
directly linked to the availability of cone crops, a key food source, resulting in 3 main nesting 
periods (Campbell et al. 2001). Few confirmed breeding records for white-winged crossbills 
exist for British Columbia, so an exact breeding chronology for this species is unknown; 
however, the general timing of the end of the second and beginning of the third nesting 
season is consistent with the strong correlation between point-count and transects at the end 
of June in this study.
For other species, timing of the surveys does not have as great an influence on the 
degree of correlation between survey techniques. Bay-breasted warbler, gray jay, magnolia 
warbler, ovenbird, Tennessee warbler and western tanager all had strong correlations 
between survey methods at the beginning and end of June. This suggests that their territorial 
behaviour may be displayed throughout the survey period, thus making consistent detection 
likely.
In summary, my results showed that, regardless of the survey method, timing of the 
survey appears to have a significant effect on the similarity of results between methods. 
Agreement between methods was strongest when territorial behaviour was most intense.
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Strength of correlation also differed between habitats. Seven species showed 
significant differences between survey techniques in partial-cut stands compared to uncut 
stands with strong to very strong correlations between methods in the partial-cut stands. For 
species such as black-capped chickadee, gray jay, Lincoln sparrow, magnolia warbler, 
mourning warbler, pine siskin and warbling vireo, this finding suggests that point-count and 
transect surveys work equally well in the more open habitats typical of partial-cut stands. 
These species generally prefer open mixedwood forests with edges and a developed or 
developing shrub layer (Campbell et al. 1997, Campbell et al. 2001). A significant 
correlation between survey techniques was not found in the more closed habitat of uncut 
stands. However, a modest to strong correlation similar to that found for the partial-cut 
stands was found for several species. For example, a similar strength of correlation was 
found for alder flycatcher, Swainson’s thrush, Tennessee warbler and white-throated sparrow 
in both partial-cut and uncut forest, suggesting that the point-count and transect surveys 
worked equally well in both places. Although correlation of winter wren detections by 
survey method was best in the uncut stands, the most winter wren detections were obtained in 
the partial cuts by both the point-eount and transect survey methods (Appendices B and C). 
There is a difference, however, in the number of detections between survey methods. On 
average, 56% more winter wrens were detected in the partial-cuts using point-counts than 
transects. This is because each point-count surveyed a larger area than the corresponding 
transect, thus encountering more of the slash piles that winter wrens used as singing posts. If 
only the transect survey had been used in the partial-cuts as it had been laid out, this winter 
wren habitat relationship may not have been recorded.
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Given the variation in correlation results between methods, and the significant 
influence exerted by migration chronology and habitat conditions, I concluded that the 
Dawson Creek transect data could not be reliably converted to a point-count equivalent as 
required for validation tests of the Alberta models (Chapter 4). In this case, without further 
data analysis, use of the Dawson Creek data was, therefore, not feasible. Further 
examination of survey method correlation is required to determine if correcting the data in 
some way (e.g., for unit-effort in time and area) would strengthen the correlation between 
survey methods.
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CHAPTER 4: EVALUATION OE AN ALBERTA FOREST BIRD-HABITAT MODEL 
USING HABITAT DATA FROM NORTHERN BRITISH COLUMBIA^
INTRODUCTION
Wildlife-habitat models are mathematical tools used to describe how one or more 
variables (independent and dependent) change with respect to other variables. Mathematical 
equations are used to predict outputs based on a variety of input data. In habitat-model 
building, certain components of a natural system are selected and measured, the relationships 
between the various natural components are analyzed and a representative mathematical 
equation of the system being modeled is developed (Anderson and Gutzwiller 1996). After 
validation (confirming the model is logically sound during initial model development) and 
testing (evaluation of model performance with independent data sets), this mathematical 
equation or model can theoretically be used to predict outputs of interest (e.g., habitat 
suitability, habitat capacity, species occurrences, etc.) using independent data sets from other 
conditions and locations.
Habitat information and the results of studies on alternative forest management 
strategies are being applied in the development of bird-habitat models. Computer 
simulations that model potential effects of different silvicultural treatments on bird 
communities and individual bird species are being evaluated. Thompson (1993) used 
estimates of carrying capacity, survival, fecundity and edge effects to simulate the responses 
of a forest-interior bird population to selection cutting, clearcutting and no timber harvest.
' This chapter is written in the first person singular as per thesis requirements, however, the close collaboration 
with Dr. Fiona Schmiegelow, University o f  Alberta and Pierre Vernier, University o f  British Columbia is 
acknowledged.
63
Thompson’s model synthesizes some of the current understanding of edge effects and 
demographics within the context of a managed forest, and provides insight into the potential 
impact of different silvicultural options on forest interior birds in a hardwood forest 
(Thompson 1993).
Dettmers and Bart (1999) constructed species-specific habitat models for 9 forest- 
breeding songbirds in southern Ohio. Their models yield predictions of the amount and the 
spatial distribution of good-quality habitat for the target species. The models are spatially 
explicit (i.e., may be used in GIS format) and may be applied over large areas (Dettmers and 
Bart 1999). The usefulness of habitat relationship models is also demonstrated by a 
landscape population model used to establish the importance of early successional habitat to 
the American redstart in New Hampshire and Vermont (Hunt 1998). The population 
simulation provided by this management tool improved understanding of the relationships 
between habitat change and population change in the American redstart; these insights may 
be applied to other bird species (Hunt 1998).
Boreal forest birds are a particular focus of bird modeling efforts in northern Alberta. 
Schmiegelow et al. (1999) developed a multiple-scale simulation framework that integrates a 
suite of models of fire, stand dynamics, harvesting and habitat availability to evaluate various 
management scenarios. This approach provides a bridge between data-intensive, single­
species models and theoretical, habitat-based models to determine when and where fine or 
coarse-filter management approaches are appropriate (Schmiegelow et al. 1999). The models
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developed to date are predictive in type and must be tested across a range of spatial scales 
and geographic locations.
Until recently, linear regression was the most commonly used statistical technique to 
develop predictive species-habitat models (Jones et al. 2002). With the advent of more 
powerful computers and statistical software, new regression techniques are available for 
model development, including those based on generalized linear models (GLMs) (Jones et al. 
2002, Rushton et al. 2004). Types of GLMs include logistic regression, Poisson and negative 
binomial; all are parametric statistical techniques based on the assumption that the underlying 
data conform to a particular frequency distribution. Of these techniques, logistic regression 
is the most commonly used with Poisson regression rarely used (Jones et al. 2002, Rushton et 
al. 2004).
Currently, there is growing emphasis on matching the type of statistical technique to 
the data that has been collected. Bird survey count data tends to show a highly skewed 
frequency distribution with a Poisson-type distribution (Jones et al. 2002). It is believed that 
developing predictive species-habitat models for birds based on a Poisson distribution will 
provide more robust and useful models.
Five Poisson regression bird-habitat models were developed and cross-validated by 
Vernier et al. (2002) for the Calling Lake area of northern Alberta. Two objectives were: 1) 
to develop statistical habitat models relating observed species abundances to local (fine- 
scale) and neighbourhood (coarse-scale) habitat characteristics derived from Alberta
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Vegetation Inventory maps; and 2) to estimate the ability of the models to predict species 
abundance using a statistical cross-validation approach (Vernier et al. 2002). A generalized 
linear model, Poisson regression, was used to model bird species response to habitat 
characteristics using the following equation:
log {expected count) = \og{ejfort) + bo + biXi + biXz + • • -+bnXn, 
where, for a set of n explanatory variables (x), the distribution of responses (expected count 
for a bird species) is Poisson and the log of the mean is linear in the regression coefficients 
(bn). Ejfort, the number of years a station was sampled, was used as an offset to correct for 
variable sampling effort between stations (Vernier et al. 2002).
Vernier et al. (2002) found that the inclusion of both local and neighbourhood 
parameters in a species model explained more of the variance in abundance than a model 
containing only local habitat parameters. With this information, these authors hoped to use 
these models to test metapopulation models and relationships between sinks (habitats where a 
species population is not sustainable) and nearby sources (habitats with sustainable 
populations that act as a source of immigration).
To be useful, models need to be applicable to a wider range of locations and 
conditions than those in which the models were developed. It cannot be assumed that models 
can be applied more widely; they need to be validated and tested. Validating and testing 
models is often suggested and encouraged when a model is first developed (Rice et al. 1986, 
Marzluff 1986, James and McCulloch 2002), however, many models do not go through this 
process. The basic question for any model is: does it produce repeatable results with
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independent data? If this cannot be shown, managers can not defensibly use such models in 
planning and management.
I had the opportunity to test how well the Alberta models worked in a different 
context (northern British Columbia boreal forest) than that in which they were developed. I 
used the same habitat input variables collected using the same protocols as have been found 
effective for predicting the abundance of selected individual bird species in Alberta forests. 
My assumption is that if the model effectively represents the most basic and important 
habitat relationships that explain variation in a species’ abundance, then it should perform 
equally well for different geographic locations within the species’ range. Performing well 
means that the observed abundance does not differ significantly from the expected abundance 
that the model predicts based on habitat data. If observed abundance differs from expected, 
then factors other than the model’s habitat relationships are needed to explain the species’ 
abundance (i.e., the model can not be applied to all boreal forest habitats throughout the 
species’ range).
STUDY AREAS
The bird and habitat data for this study came from uncut forest in 2 study areas: 1) 
the Fort Nelson Forest District approximately 60 km northwest of Fort Nelson, British 
Columbia (58.83° N, 122.6°W) provided independent data for model testing; and 2) Calling 
Fake, Alberta in north central Alberta (55°N 113°W) provided data for original model 
development by Schmiegelow et al. (1999) and Vernier et al. (2002). For a detailed
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description of the Fort Nelson study area refer to Chapter 2. The Calling Lake study area is 
described below to provide background for comparison between the 2 study areas.
The Calling Lake, Alberta study area consisted of boreal mixedwood forest where 
trembling aspen (Populus tremuloides), balsam popular {Populus balsamifera) and white 
spruce iPicea glauca) are the most abundant upland tree species and often occur together in 
old, mixed stands (Schmiegelow et al. 1997). Black spruce {Picea mariana) characterizes 
the wetter sites. The dominant understory shrubs are alder species (Alnus tenuifolia, A. 
crispa) with lesser amounts of willow {Salix spp.). The lower strata are dominated by 
various fruiting shrubs (Rubus, Ribes, Rosa spp.), sarsaparilla {Aralia nudicaulis) and other 
herbaceous plants (Schmiegelow et al. 1997).
Mean summer (early June through mid-August) precipitation of -320 mm accounts 
for >70% of the total yearly precipitation; July is generally the wettest month. The mean 
summer temperature is 12.0°C and on average there are 85 frost-free days (Strong and 
Leggat 1981).
Bird Data
Point-count surveys were conducted in the Fort Nelson area during the 1999 and 2000 
breeding seasons, using the protocol of Schmiegelow et al. (1997) to ensure consistency with 
the bird data collected in the Calling Lake, Alberta study area. The Alberta surveys were 
conducted during 1993—1998 (Vernier et al. 2002). A detailed description of the bird 
sampling protocol is provided in Chapter 2. To minimize as much habitat variability as
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possible between the data from each of the study areas being modeled, only data from uncut 
forest stands at each study area were used. There were different sampling intensities between 
the study areas with 24 point-count stations sampled 4 times per breeding season in the Fort 
Nelson study area compared to 90 point-count stations sampled 10 times total cumulative 
over the 5 years of the Calling Lake study.
My testing and evaluation of the model was based on 1999 and 2000 breeding bird 
data from the Fort Nelson, B.C. and Calling Lake, Alberta data sets. In collaboration with F. 
Schmiegelow, I ranked and compared species abundance lists for uncut forest stands in the 2 
study areas. From these lists and the suite of species models available from Alberta, 13 bird 
species were chosen as modeling candidates based on a range of abundance and migration 
strategies to include a variety of species-specific behaviours (habitat choice and life-history). 
Migration strategies included neotropical and short-distant migrants. Resident species were 
too rare in both the Fort Nelson and Calling Lake data sets to be included (Figure 4.1). The 
selected candidate species included the American redstart, bay-breasted warbler, chipping 
sparrow, least flycatcher, ovenbird, rose-breasted grosbeak, red-breasted nuthatch,
Swainson’s thrush, warbling vireo, western tanager, white-throated sparrow, yellow-bellied 
sapsucker, and yellow-rumped warbler (see Appendix B for scientific names and migratory 
strategies). This suite of species also represents a variety of habitat specializations (e.g., edge 
habitat, interior old-growth forest).
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S p e c i e s  A b u n d a n c e  f o r  F t .  N e l s o n  a n d  C a l l i n g  L a k e  C o n t r o l s ,
1999-2000
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Figure 4.1 Thirteen model candidate bird species and their abundance estimates per unit 
effort from point-count surveys at control sites in the Fort Nelson Forest 
District, British Columbia (n=24) and Calling Lake, Alberta (n=90), 1999- 
2000. See Appendix B for common and scientific names.
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For bird species in the Fort Nelson data set I calculated a mean weighted abundance estimate 
by station, sampling round, and year using methods adapted from Schmiegelow et al. (1997). 
This calculation was necessary to attain abundance estimates from the Fort Nelson data set 
comparable to those from the Calling Lake data set for modeling purposes. Only 
observations < 100 m from the observer were included to avoid double-counting (i.e., birds 
in adjacent 100 m radius point-counts were not counted twice). To be consistent with the 
observed values used in model development in Alberta, weighting factors were assigned to 
observations that included behavioral evidence of breeding (see Schmiegelow et al. 1997 for 
details). For example, a weighting factor of 0.5 was assigned to males or females observed 
drilling (e.g., yellow-bellied sapsucker tapping for sap) or feeding; 1.0 was assigned to males 
singing solo or simultaneously with other males of the same species; and, 2.0 was assigned to 
a male/female pair observed together (assumed mated). Schmiegelow et al. (1997) 
recognized the limitations of using weighting factors by not assuming each singing male 
represented a pair, but rather gave each male a score of 1.0 instead of the commonly used 
2.0, thereby avoiding artificially inflating the sample size. This also took into account that 
there may have been an increased number of singing, unpaired males due to the fragmented 
nature of the habitat in the study area. The weighting factor for each species was summed by 
station across all survey counts in each year and then divided by the number of sampling 
rounds (n=4) for each year. This process yielded an abundance index for each species, 
station, and year for modeling. The indices for each species served as the observed values 
against which model outputs (predicted abundances) were compared.
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Habitat Data
Habitat variables at the Fort Nelson study area were measured at the local and 
neighborhood scales (Schmiegelow et al. 1997, Vernier et al. 2002). Local variables were 
measured within the 100-m radius (3.14 ha) of each point count station (n=24). I derived the 
local-level habitat variables from 2 different sources: (1) field sampling in 4 vegetation plots 
per point-count station (denoted as Vegetation in Table 4.1), and (2) data from digital maps.
As with the bird data, only habitat data from uncut forest stands at each study area 
were used in model testing to minimize as much variability as possible between the study 
areas. Ninety-six vegetation plots were sampled in the uncut stands of the Fort Nelson study 
area. A detailed description of habitat sampling methods is provided in Chapter 2. From this 
habitat information, I derived 14 local-level {Vegetation) variables for use in model testing 
(adapted from P. Vernier, per s. comm.). I calculated each of the Vegetation habitat variables 
used in the Alberta models after first adjusting the variable descriptions so they would reflect 
the Fort Nelson vegetation. For example, larch (Larix laricina) and Jack pine (Pinus 
banksiana) were not present in the Fort Nelson vegetation plots, therefore, those species were 
removed from the variable descriptions and calculations (e.g. V_DECVOL and 
V_CONVOL)(Table 4.1).
Because British Columbia does not have anything similar to the AVI (Alberta 
Vegetation Inventory) database from which to draw the required habitat information for 
model testing, I used a Geographic Information System (ArcView GIS 3.2a) to derive the 
local-level habitat variables (denoted as Local in Table 4.1) from a British Columbia
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Table 4.1: Variable type, range of values, and description of habitat variables derived
from vegetation plots (n=96) and local and neighbourhood British Columbia 
1:20,000 forest cover map information for 2 control sites near Ft. Nelson, 
British Columbia (after P. Vernier unpublished data and Vernier et al. 2002).
Habitat
Variable
Variable
Type
Range of values Description
Vegetation 
V LITDBPTH Numeric 33.3 -  142. 8 mm Mean leaf litter depth measured to the 
nearest 0.1 mm
V_BIRCH Numeric 0-0.89m^/3.14ha Mean volume (BEPA)
V_DECVOL Numeric 0.31 -4 .52  m^/3.14 ha Mean volume
(ALCR+BEPA+POBA+POTR+SASP)
V_CONVOL Numeric 0-3.94m^/3.14ha Mean volume (ABLA + PIGL)
V_SB Binary Oor 1 Presence of black spruce (i.e., 1 if PIMA 
volume>0)
V_DECSAP Numeric 1.75-19 Mean number of sapling/pole stems of 
AMAL, BEPA, POBA, POTR
V_CONSAP Numeric 0.25 -  9.5 Mean number of sapling/pole stems of 
ABLA, PIGL, PIMA
V_TSHRUB Numeric 1 - 7 8 Mean number of sapling/pole stems of 
ALCR, SASP, SOSC; elaborate branching 
structure is quite different and thus 
contribution to foraging substrate, etc. is 
different than for other tree species
V_SNAGVOL Numeric 478.55 -  20,483.22 m^ Pi*(r^2)*height
V_SHRBSTM Numeric 10.25-25^ Centre I +centre2+north I +north2+east I+eas 
t2+south I+south2+west 1+west2 (number 
of stems; all spp all plots); remove all tree 
species
V_GRASS Numeric 0 - 8 4 9 % Percent cover
V_MOSS Numeric 1.19-23.13% Percent cover
V_EVENX Numeric &65-0.92 Tree stem evenness -  poles (2.5-8 cm) and 
trees (4 classes) dbh size classes
V_EVENSD Numeric 0.03 -  0.44 sd of tree stem evenness i.e. between plot 
variability
Local
L_CCUT Binary 0 or 1 Habitat type in which stations were located 
(see Table 4.2 for descriptions)
L_MIXED Binary 0 or 1 Habitat type in which stations were located 
(see Table 4.2 for descriptions)
L_ODEC Binary Oor 1 Habitat type in which stations were located 
(see Table 4.2 for descriptions)
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L_PINE Binary Oor 1 Habitat type in which stations were located 
(see Table 4.2 for descriptions)
L_SB Binary 0 or 1 Habitat type in which stations were located 
(see Table 4.2 for descriptions)
L_SW Binary 0 or 1 Habitat type in which stations were located 
(see Table 4.2 for descriptions)
L_YDEC Binary Oor 1 Habitat type in which stations were located 
(see Table 4.2 for descriptions)
L_SIZE Numeric 184.7-1661.9 ha Patch size; relies on a habitat classification 
system (Table 4.2)
L_DIST Numeric 13.14-587.78 m Distance of station center to nearest 
anthropogenic edge (habitat classes 9 and 
10)
L_CROWN Numeric 35-60% Mean crown closure among forested 
polygons
L_DEC Numeric O.l-l.O Mean deciduous proportion of forested 
polygons
L_HT Numeric 20-30.0 m Mean stand height of forested polygons
L_STREAM Binary 0 or 1 Presence of streams or lakes
Neighbourhood
N_CCUT Numeric 0 Proportion of neighbourhood in clearcut
N_MID Numeric 0.16-0.94 Proportion of neighbourhood in mid serai 
forest (20-90 years) -all ssp (BEPA, 
POBA, POTR, PIGL)
N_LATE Numeric 0-0 .71 Proportion of neighbourhood in late serai 
forest (more than 90 years) -  all ssp. 
(BEPA, POBA, POTR, PIGL)
N_DECID Numeric 0.06-0.92 Proportion of neighbourhood in deciduous 
(BEPA, POBA, POTR)
N_SW Numeric 0 - 0 ^ 3 Proportion of neighbourhood white spruce 
(>70% white spruce)
N_MEXED Numeric 0.72-0.98 Proportion of neighbourhood in 
mixedwood forest (mixed deciduous and 
white spruce combined -  all ages and 
distributions)
N_SB Binary 0 or 1 Presence of black spruce forest
N_PINE Binary Oor 1 Presence of leading pine
N_ANTHRO Binary Oor 1 Presence of anthropogenic features 
(seismic lines, highway)
N_WATER Binary Oor 1 Presence of rivers, ponds, etc.
N_NONFOR Binary Oor 1 Nonforest and wetland
AShA=Abies lasiocarpa\ PAJZ^=Alnus crispa-, AJsAAL=Amalanchia ssp.-, H^PA=Betula 
papyrifera-, PlGL=Picea glauca', FJMA=Picea mariana', POQA=Populus balsamifera', 
POTP,=Populus tremuloides', SASP=5fl//x ssp.', SOSC=Sorbus scopulina.
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1:20,000 scale digital forest cover map and a 1:20,000 scale Terrain Resource Information 
Management Program (TRIM II) coverage for the area. All lOO-m radius point-count 
stations in the 2 uncut stands were geospatially referenced and linked to the forest cover map 
and TRIM II coverage for the study area. The forest cover map (updated to 1995) provided 
information about forest history, leading tree species, age classes and crown closure. The 
TRIM II coverage (updated to 1998) provided information about streams, lakes, and 
anthropogenic features on the landscape. Together, these 2 linked coverages provided the 
habitat information I required to generate 13 local-level habitat variables based on the habitat 
classification system described in Vernier et al. (2002) (Table 4.2). To apply the habitat 
classification system to the linked coverages, I defined a 100-m radius area around each point 
count station location on the map and then queried the GIS database based on each 
classification variable. From the tabular output of these queries, I was able to calculate each 
Local variable as described in Table 4.1.
The neighbourhood-level variables (denoted as Neighbourhood in Table 4.1) were 
derived from the same linked forest cover map and TRIM II coverage as the Local variables.
I defined a 400-m radius (75.4 ha) beyond each local (inner) 100-m radius for each point 
count station on the linked coverages and applied the habitat classification system as for the 
Local habitat variables through database queries. From the tabular outputs, I calculated the 
required 11 Neighbourhood variables for model comparison (Table 4.1) (Vernier et al. 2002).
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Table 4.2 Local and neighbourhood level variables sampled from a British Columbia 
1:20,000 forest cover map for 2 uncut forest sites near Ft. Nelson, British 
Columbia (after Vernier et al. 2002).
Variable Class Description
WATER Water (lake, ice, river)
NONFOR Nonforest and wetland
Y_DECID > 70% deciduous and < 90 years
0_DECID > 70% deciduous and > 90 years
W_SPRUCE > 70% white spruce
B_SPRUCE Leading black spruce
PINE Leading pine
MIXED Mixed deciduous/white spruce
CCUT Clearcuts < 15  years
ANTHRO Anthropogenic (wellsites, large cutlines, etc.)
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Table 4.3. AVI (Alberta Vegetation Inventory) and VEG model habitat variables for 13 
species developed by P. Vernier (University of British Columbia, January 21, 
2003) from control bird abundance and habitat data (local and neighbourhood) 
from Calling Lake, Alberta, 1999-2000.
AVI Model VEG Model
Variable^ Coefficient AIC Variable^ Coefficient AIC
AMRE L_CROWN
N_DECID
N_CCUT
N_MIXED
Constant
-0.029
13.074
17.814
15.123
-13.702
0.580 DECVOL
Constant
-0.557
-0.085
0.574
BBWA L_DIST
Constant
0.003
-5.487
0.247 MOSS
Constant
0.098
-4.316
0.252
*CHSP
LEFL
Constant
N_DECID
N_LATE
Constant
-1.831
5.923
2833
-8.734
0^29
0.847
Constant
EVENX
SNAGVOL
CONVOL
GRASS
DECSAP
Constant
-1.831
8J22
1.171
-1.547
-0.060
0.061
-5.027
0^29
&870
OVEN L_YDEC
L_CROWN
L_HT
Constant
0^29
0.019
-0.039
-0.704
1.900 DECSAP
DECVOL
EVENX
Constant
-0.030
&084
-2.229
0.997
1.943
RBGR N_SB
Constant
-1.367
-1.431
0.607 Constant -2.240 0.633
RBNU L_D1ST
N_DEC1D
Constant
0.001
-3.407
0.177
0.877 CONVOL 0.539 
Constant -2.138
0.864
*SWTH Constant -1.786 0.842 Constant -1.786 OjW2
WAVl Constant -3.989 0T95 DECSAP
Constant
0.094
-6.241
0.187
WETA L_DEC 
L HT
-4.645
0.153
Oj#9 CONSAP
TSHRUB
0.223
0.029
0.699
77
WTSP
YRWA
Constant
N_SB
L_ODEC
L_DIST
N_LATE
Constant
L_HT
L_DEC
Constant
Constant
-1.742
-0.780
0.624
- 0.001
1.036
-0.482
0.067
-1.863
-0.429
-2.005
1.848
1.702
0.740
CONVOL 0.631
Constant -3.789
EVENX 3.097 1.816
DECVOL -0.131
CONVOL -0.706
SNAGVOL 0.500
DECSAP 0.020
Constant -1.944
DECVOL -0.105 1.686
Constant -0.024
Constant -2.005 0.740
 ^Variables are as described in Table 4.1.
 ^AIC=Akaike’s Information Criterion.
^Calling Lake data were not sufficient to generate models.
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Poisson Regression Models Generated by Calling Lake Data
For each of the 13 selected species, P. Vernier (pers. comm.) generated 2 different 
Poisson regression models based on the 1999 and 2000 Calling Lake control data for uncut 
boreal forest (Table 4.3). As for the Fort Nelson data, only data from the uncut control 
stands at Calling Lake were used to minimize as much habitat variation between the study 
areas as possible for model testing. The predictor local and neighbourhood habitat variables 
driving the first model, termed the AVI model, were derived from 1:20,000-scale digital 
Alberta Vegetation Inventory (AVI) maps (see Vernier et al. 2002 for details). The habitat 
variables for the second model, termed the VEG model, were derived from the field-sampled 
local vegetation data collected during the Calling Lake Fragmentation Experiment. The AVI 
and VEG models developed for each of the 13 candidate bird species were based on Poisson 
regression model equations for predictor habitat variables and their associated coefficients 
(see Vernier et al. 2002 for model development details). The product for each species 
represented the best model possible out of 5 alternative habitat models (from a null model 
which was the mean count over all stations to a full model which included all local and 
neighbourhood variables) with the lowest value of Akaike’s Information Criterion (AIC).
The lowest AIC value represented the optimal tradeoff between model goodness of fit 
(measured as log-likelihood) and model parsimony (the smallest number of parameters 
included in the model that allows the most realistic representation of the data, i.e., the model 
is not under- or over-fitted)(Bumham and Anderson 1998, Vernier et al. 2002).
The AVI and VEG model habitat variables and associated coefficients and constants 
for each bird species generated by the Calling Lake data are presented in Table 4.3 (P.
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Vernier, unpubl. data). Calling Lake data were not sufficient to generate both models for all 
species. Of the 13 candidate species, insufficient data was available to generate either model 
for chipping sparrow (CHSP), Swainson’s thrush (SWTH), and yellow-bellied sapsucker 
(YBSA). Calling Lake data for the rose-breasted grosbeak (RBGR) and warbling vireo 
(WAVI) allowed only 1 model (VEG and AVI, respectively) to be generated. VEG and AVI 
models were both generated for the remaining 8 species, with 1—5 predictor habitat variables 
used in each.
Abundance of the American redstart, red-breasted nuthatch and white-throated 
sparrow were found to be best predicted (i.e., lowest AIC values) by AVI models containing 
both local and neighbourhood variables. Bay-breasted warbler, ovenbird, western tanager 
and yellow-rumped warbler abundance was best predicted by models with local habitat 
variables only while abundance of least flycatcher and rose-breasted grosbeak was best 
predicted by models using neighbourhood habitat variables only.
VEG models developed for 5 species (American redstart, yellow-rumped warbler, 
bay-breasted warbler, red-breasted nuthatch and warbling vireo) consisted of only I predictor 
habitat variable compared to VEG models for ovenbird and western tanager which consisted 
of 3 predictor habitat variables. The remaining 2 species, least flycatcher and white-throated 
sparrow, were best predicted by 5 habitat variables.
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M odel Testing Using Fort Nelson D ata
I calculated the predicted mean abundance (count) for each species per point count 
station per sampling round by using the Fort Nelson habitat data as input variables for each 
AVI and VEG model. For example, the AVI model equation (to simplify the calculation the 
exponential form, rather than the log form, of the generalized linear model was used) for 
Red-breasted Nuthatch (P. Vernier, unpubl. data) is:
RBNU_P(predicted) = exp (0.I77+(0.00I*L_DIST)-(3.407*N_DECID)
The 1999 predicted mean abundance of the red-breasted nuthatch at point count station #1 in 
uncut stand C l of the Fort Nelson study area was calculated as:
0.058 = exp (0.177 + (0.001* 135.06)-(3.407*0.2903)
DATA ANALYSIS
I used the G test (log likelihood ratio) for goodness of fit with William’s correction 
for continuity to compare the predicted mean abundance of each bird species generated by 
the Alberta AVI and VEG models to the actual mean weighted abundance observed in the 
Fort Nelson study area (Sokol and Rohlf 1987). Small (< 1.0) mean abundance values per 
point count station per year in the Fort Nelson data violated the assumption that all expected 
values must be >3 (Sokal and Rohlf 1987). Therefore, I grouped (summed) values together 
by stand and year prior to analysis. To determine if grouping values was statistically valid, I 
tested for differences between years by applying the G-test to a 2 x 2 contingency table prior 
to grouping the years together for model comparison (Sokal and Rohlf 1987). The Williams’
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correction factor for a 2 x 2 contingency table was applied to better approximate the chi- 
square distribution (Fowler et al. 1998).
Once it was determined that the data could be pooled, the adjusted G-test (Chapter 2) 
was then applied to the pooled data to evaluate the goodness of fit between what was 
predicted by the AVI and VEG models and what was actually observed at the Fort Nelson 
study area.
RESULTS
Model Testing Using Fort Nelson Data
No significant differences (Gadj = 0.25, p=0.61, df= l) were found between site and 
year in the Fort Nelson mean weighted abundance data (Table 4.4), thus allowing years for 
each site to be grouped together for further analysis. Of the 9 bird species that had AVI 
models generated by the Calling Lake data, only the red-breasted nuthatch failed to show a 
significant difference between the mean abundance values observed versus those predicted 
by the model using the Fort Nelson data. It was not possible to calculate G for the bay­
breasted warbler or the least flycatcher due to small (<3) expected values. The remaining 5 
species all showed significant differences between the mean abundance values observed at 
the Fort Nelson study sites versus those predicted by the model. When the observed and 
expected values were compared for each species, the AVI model for the American redstart 
generated very unrealistic abundance values for both control sites. Abundance was 
overestimated for rose-breasted grosbeak, white-throated sparrow, and yellow-rumped 
warbler. Abundance of western tanager was underestimated for site C l and overestimated 
for site C2. Ovenbird and red-breasted nuthatch both had predicted abundances that
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Table 4.4. G-test results for site versus year degree of association and goodness of fit results for the Fort Nelson observed and the 
AVI and VEG model predicted values for 2 uncut boreal forest stands with significant results in bold, Fort Nelson 
Forest District, British Columbia, 1999-2000.
Site vs Year Observed^ Expected Expected Obs. vs. AVI Obs. vs. VEG.
AVI VEG predicted predicted
Species Gadi P C l C2 C l C2 C l C2 Gadi P Gadi P
AMRE &26 0.61 2.50 3.25 151432.61 286970.74 T95 530 -129.08 <0.001 -929 0.002
BBWA 0.009 0.93 11.25 7.50 0.24 0.16 1.02 1.21 d - - -
LEFL 0.003 0.95 2.00 2.50 0.77 0.70 Undefc Undef - - Undef Undef
OVEN 0.07 OjW 18.25 19.00 15.00 1933 9A6 10.21 6.41 0.011 46.41 <0.001
RBGR 0.00 0.95 2.63 1.25 5.74 524 N/A N/A -7.59 0.006 N/A N/A
RBNU 0.00 TOO 5.50 4.25 6.37 4.67 923 709 -2.32 023 -925 0.002
WAVI 0.05 &82 T25 0.75 N/A"" N/A 0.11 0T2 N/A N/A 737 0.005
WETA 0.01 0.91 7.00 11.25 14.37 4.46 1L83 14.50 10.46 0.001 -1230 <0.001
WTSP 0.31 0.58 T75 5.13 24.55 1437 Undef Undef -24.69 <0.001 Undef Undef
YRWA 0.05 &83 325 2.75 24.67 1825 1834 17.78 -23.31 <0.001 21.40 <0.001
 ^actual mean weighted abundance calculated from Fort Nelson observations 
N/A = no model developed
Undef = a model was developed but a predicted value using the Fort Nelson habitat data was not mathematically possible given the habitat 
variables in the model (i.e., SNAGVOL)
* expected <3, unable to calculate G-test
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appeared similar to the observed abundances; however, the difference was found to be 
statistically significant. The AVI model underestimated abundances of bay-breasted warbler 
and least flycatcher.
VEG models were developed for 9 bird species, of which it was possible to generate 
predicted values for 7 species. It was not mathematically possible (i.e., cannot calculate e*) 
to predict abundance values for least flycatcher and white-throated sparrow using VEG 
models because of the large values associated with the V_SNAGVOL habitat variable in 
each species model equation (Table 4.4). The VEG model predicted small expected values 
(<3) for bay-breasted warbler, so the G-test was not performed for this species. The other 6 
species all showed a significant difference between observed and predicted abundance values 
(Table 4.4). The VEG model overestimated abundance for American redstart, red-breasted 
nuthatch, western tanager, and yellow-rumped warbler across both uncut sites by average 
magnitudes of 2.4, 1.7, 1.5 and 6.2 times, respectively. The model underestimated 
abundance for bay-breasted warbler, ovenbird, and warbling vireo by average magnitudes of 
8.6, 1.9 and 18.1 times, respectively.
DISCUSSION
The AVI and VEG models developed in Alberta’s boreal forest did not predict boreal 
forest bird species abundances accurately or consistently for the Fort Nelson Forest District 
study area. Small sample sizes and the necessity of pooling data provided insufficient power 
for a definitive conclusion. However, visual inspection of the observed and expected bird
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species abundances gives an overall impression of disagreement between the predicted and 
observed data for Fort Nelson. The habitat variables included in the best AVI and VEG 
models for the 13 candidate bird species represent the known habitat requirements of these 
species (e.g., Enns and Siddle 1996, Campbell et al. 1997 and 2001, Greenfield 1998). The 
models with 2 or more habitat parameters (e.g., AVI models for American redstart and least 
flycatcher) seem better models at predicting abundance than the models based on a single 
parameter (e.g., the AVI models for the bay-breasted warbler and rose-breasted grosbeak and 
the VEG models for the American redstart and bay-breasted warbler). This does not mean 
that the models with 2 or more habitat parameters are better than models with 1 habitat 
parameter only. Rather, there must be more appropriate habitat parameters than the single 
variables selected by Poisson regression analysis during generation of the best (lowest AIC 
value) and most parsimonious models. For example, the single parameters suggested by the 
AVI and VEG models to be the best predictors of bay-breasted warbler abundance (L_D1ST 
and MOSS, respectively), do not describe known habitat associations such as mixedwood 
stand types dominated by tall, closed-canopied large spruce with a shrubby understory 
(Campbell et al. 2001). Model parameters such as L_CROWN, N_M1XED, DECSAP, 
SHRUBSTM, DECVOL and CONVOL may be better candidates for predicting bay-breasted 
warbler abundance. Alternatively, bay-breasted warblers may be more habitat generalists 
than habitat specialists and the small sample size (only 26 detections) in the Calling Lake 
data set may be responsible for the models’ inability to select more species-specific variables.
Model parameters relating to black spruce, pine, clear cuts and snag volume were 
inappropriate for the field-sampled (VEG) habitat data from uncut stands in the Fort Nelson
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Forest District. Binary values for black spruce, pine and clear cuts were zero for all point 
count stations in the uncut stands, and so did not add information to the model equations that 
included them. The snag volume variable was not useful for the Fort Nelson study area 
because it made the model equation undefinable due to the large volume of snags present in 
the uncut stands. Consideration should be given to mathematically redefining the snag 
volume variable (e.g. scaling) in future model development to allow for flexibility in values 
for areas with large snag volumes.
Noticeable differences between the boreal forest bird habitats of the Fort Nelson and 
the Calling Lake areas may help explain the lack of agreement between the predicted and 
observed abundances at Fort Nelson. Comparison of physical descriptors for uncut forest in 
both Calling Lake (1993—1995) (Schmiegelow et al. 1997) and Fort Nelson (1999—2000) 
(Chapter 2) indicates that the Fort Nelson study area had a higher average canopy, subcanopy 
and tall shrub height (29.17 m, 15.24 m, and 4.76 m respectively) compared to Calling Lake 
(27.63 m, 13.84 m and 3.57 m, respectively). Uncut forest habitat at Calling Lake was more 
densely spaced compared to Fort Nelson as indicated by higher numbers of deciduous stems, 
deciduous saplings, shrub stems, large snags and average snag height.
Model performance may also have been affected by the substantial differences in 
species abundance between Fort Nelson and Calling Lake (Figure 4.1). Even though only 24 
point-count stations were sampled at Fort Nelson as compared to 90 at Calling Lake, more 
bay-breasted warblers were observed at Fort Nelson than at Calling Lake. White-throated
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sparrows and yellow-rumped warblers were detected much less frequently at Fort Nelson 
compared to Calling Lake.
Poisson regression analysis was unable to produce parsimonious models for chipping 
sparrow, Swainson’s thrush and yellow-bellied sapsucker. Neither the AVI nor the VEG 
model was able to find local and/or neighbourhood variables that explained the variation in 
abundance for these species. One reason may be that the model parameters developed for the 
Calling Lake study area did not provide species-specific habitat characteristics required to 
predict the abundance of these species. Chipping sparrow, Swainson’s thrush, and yellow- 
bellied sapsucker are habitat generalists (Campbell et al. 1997) and may be insensitive to 
both habitat structure and spatial configuration at both the local and neighbourhood scales. 
These species are associated with a wide range of habitat characteristics such as mixed, 
deciduous or coniferous disturbed or undisturbed forest (Swainson’s thrush and yellow- 
bellied sapsucker) and shrubby habitats in open spaces with edges of coniferous and 
deciduous woodlands and cutblocks (chipping sparrow) (Campbell et al. 1997). Given the 
generalist nature of these species’ habitat preferences, predictive habitat parameters would be 
difficult to discern by the Poisson regression analysis process because too many variables 
would enter the equation and model parsimony would be difficult to achieve. A second 
reason for the lack of model development for these 3 species may be small sample size. 
Although other species for which models were developed had smaller sample sizes, chipping 
sparrow, Swainson’s thrush and yellow-bellied sapsucker may be such habitat generalists that 
larger sample sizes are necessary to determine which model parameters are sensitive to
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predicting species abundance. Further investigation is needed to explain why models were 
not possible for these 3 species.
The unrealistic prediction generated by the AVI model for American redstart resulted 
from 1 habitat parameter, namely the proportion of the neighbourhood in deciduous forest 
(N_DECID). The large regression coefficients in the American redstart model, combined 
with proportions of deciduous forest approaching 1.0, inflated the abundance predictions for 
many of the point-count stations. The N_DECID habitat parameter did not show this 
problem in models for other species (e.g., least flycatcher, red-breasted nuthatch), which 
suggests that the large regression coefficients are responsible. None of the other models have 
such large coefficients, which suggests that larger coefficients in the Poisson regression 
equation were required to achieve the best parsimonious model for American redstart than 
for other species. The model generated for American redstart was not good, so the Poisson 
regression analysis attempted to mathematically compensate for the lack of fit between 
model parameters and observed abundance.
In terms of spatial scale. Vernier et al. (2002) found differences in the combination of 
local and neighbourhood habitat variables included in 5 species models they developed.
These differences in habitat variable scale were also shown by the 10 species models 
generated for the Fort Nelson/Calling Lake test. Vernier et al. (2002) suggest 2 reasons for 
the spatial differences in habitat variables selected in Poisson regression analysis: I) species 
models that include only local habitat parameters suggest a species’ selection of specific 
habitat characteristics, regardless of spatial scale; and 2) combinations of local and habitat
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variables may indicate that habitat quality at the local (territory) scale is mitigated by 
neighborhood scale or landscape characteristics. If the first reason is true, then the VEG 
model predictions based on field-sampled data should more closely approximate actual 
observed abundances for species than predictions from the AVI model. Because the VEG 
model uses fine-scale habitat data to make its predictions versus the coarser-scale habitat data 
available for the AVI model, the VEG model should produce more accurate predictions for 
species that select specific habitat characteristics. This was not the case with the Fort Nelson 
data. For habitat specialists such as bay-breasted warbler, ovenbird, western tanager and 
yellow-rumped warbler, the VEG model underestimated or overestimated abundances of 
these species by an average magnitude of 1.5 -18 .1 times, respectively. AVI models for these 
same species consisted of local scale habitat parameters only, consistent with their habitat 
specialist behaviours. Despite the prediction that the AVI model would not predict 
abundances as accurately as the VEG model because of its coarser-scale data, AVI model 
predictions were more similar to observed abundance for ovenbirds than in the VEG model. 
The AVI model, in addition to the VEG model, greatly overestimated yellow-rumped warbler 
abundance, suggesting that using only local variables, coarse or fine-scale, is not appropriate 
for this species. Or alternatively, that other variables, not measured, are better predictors.
In cases where AVI and VEG models contained neighbourhood as well as local 
habitat parameters (e.g., for American redstart, red-breasted nuthatch, and white-throated 
sparrow), the VEG model was expected to do less well than the AVI model at predicting 
species abundances. However, this was true only for red-breasted nuthatch. AVI models 
containing only neighbourhood habitat variables (least flycatcher and rose-breasted
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grosbeak) should have performed better at predicting abundance than the VEG model 
because, according to the habitat parameters in the best model, these species respond mainly 
to habitat characteristics at the neighbourhood or landscape scale. This appeared to be the 
case with rose-breasted grosbeak in as much as a VEG model could not be generated for this 
species. Data for least flycatcher, on the other hand, produced a VEG model with 5 habitat 
predictor parameters—a finding inconsistent with the tendency of responding to only 
neighbourhood level variables as shown by the AVI model. Models need to be derived based 
on samples from across whole species’ ranges to determine the interrelationships between 
local and neighbourhood variables. Some bird species may be more flexible in their choice 
of best available habitats at the local and neighbourhood scales than accounted for in the 
models. The models could indicate that local or neighbourhood habitat is actively selected 
when in fact it may represent a default.
Modeling Limitations
Using Poisson regression as the basis for predictive bird-habitat modeling is 
appropriate for the type of data being used (i.e., count data) (Jones et al. 2002). The model’s 
main assumptions are that the data (annual counts within stations and species) follow a 
Poisson distribution, and that the point-count surveys are independent (Jones et al. 2002). 
Vernier et al. (2002) found violations of these assumptions during model development. 
Outliers (affecting Poisson distribution) and within-site correlation (non-independence of 
survey events thus introducing statistical error) were addressed by calculating variance 
estimates using STATA’s cluster option that were robust enough to account for these 
violations (Vernier et al. 2002). The assumption that the events, or point-count surveys, are
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independent of each other is not an easy assumption to satisfy. Even though the size and 
duration of the point-count surveys are standardized across the study sites, there is still inter­
point count variability inasmuch as birds may fly between the point-count stations between 
timed surveys and be counted twice, thus introducing measurement error.
Other limitations to using point-count surveys include changes in environmental 
conditions throughout the breeding season and differences between years such as time of day, 
weather, early or late season sampling, food supply, habitat availability, etc. These 
environmental factors affect the behaviour of the bird species present and thus, the data 
collected. There are also differences in the ability of observers to detect birds and conduct 
habitat measurements, despite best efforts to minimize this.
The habitat variables developed for the AVI models from forest cover and TRIM II 
maps introduced measurement error. These digital databases for the Fort Nelson Forest 
District are infrequently updated. The accuracy and precision of these data is questionable, 
especially when models require specific habitat characteristics at the local and 
neighbourhood scales. The forest cover map information available for the Fort Nelson area 
was incomplete due to the remoteness of the region. The TRIM II map had obvious errors on 
it such as depicting a stream location in I of the Fort Nelson uncut forest stands when in fact 
there was no stream (pers. observ.). Such errors influenced the habitat classification system 
used for habitat variable development (e.g., overestimate of presence of water) and may have 
resulted in over- or under- estimates of species predicted abundance.
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Large-scale information from provincial forest cover maps and TRIM II databases 
may be useful for broad scale planning; however, such sources appear too general (level of 
detail too broad) and inaccurate to use in mathematical predictions of bird species occurrence 
at the local and neighbourhood scales. Including field-sampled data should improve the 
accuracy and utility of such models. However, the range of acceptable error between 
predicted and observed species abundances needs to be determined. Confidence in the 
results of species-habitat models is highly dependent on the test sets and the specific species 
being modeled.
In my study, the objective was to test whether the species-habitat models developed 
in Calling Lake could effectively predict bird species abundance when independent data from 
Fort Nelson were applied. If model predictions hold up from one location to another, this can 
be taken as evidence that birds respond primarily to habitat characteristics, particularly those 
habitat characteristics featured in the model. If the predictive capabilities of the model do not 
hold up from one location to another, as in this study, then reasons for this could be: I) 
habitat is not the key determinant of species’ occurrence and abundance; 2) habitat may be 
the key determinant, but the habitat parameters in the model are not the appropriate ones to 
explain the occurrence and abundance; and 3) the set of habitat parameters that control 
species occurrence and abundance is location- or context-specific. Given the range of factors 
that affect model results, managers should be cautious in applying these tools in different 
contexts from which they were developed. Testing with independent data sets, including 
those from different locations, is required to assess the applicability of species models and to 
validate the relationships and assumptions on which they are based.
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Little is known about specific bird-habitat relationships of boreal forest birds in the 
Fort Nelson Forest District. Due to the area’s remoteness and lack of access, basic bird 
abundance and distribution information for this area is limited because few studies (Erskine 
and Davidson 1976, Erskine 1977, Bennett and Enns 1996, Bennett et al. 1998, Savignac 
1998, Bennett 1999) have been conducted (Bennett et al. 2000). Most of these studies were 
recently conducted and consisted of limited surveys for inventory-level data, often for focal 
species, and do not provide comprehensive bird and habitat data for the region. Boreal forest 
bird species in northeastern British Columbia show different behaviours and habitat 
preferences than elsewhere in the boreal forest. The relative contribution of habitat 
characteristics (local and neighbourhood scale) on bird species abundance as well as 
individual species behaviour should be incorporated into bird-habitat modeling. The 
relationships between habitat fragmentation and reproductive success also need to be 
addressed in order to better understand bird-habitat relationships and bird species population 
viability over time. Employing a behaviour-based model to predict the effects of forest 
harvesting on boreal forest birds may be an alternative for boreal forest management. Even 
though they are considered more complex and time consuming to construct than habitat- 
based models, behaviour-based models allow the species in question to respond to 
environmental change by adjusting their behaviour to maximize their fitness. For example, 
maximum population densities based on species’ territory sizes and maximum number of 
territories per point-count station could be included as predictive variables in behaviour- 
based models. Such models predict how abundance may change according to the new 
environmental parameters at the local and neighbourhood scales (Pettifor et al. 2000).
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Developing robust bird-habitat models to suit specific species or groups of species at 
local and neighbourhood scales is still in its infancy. Many different types of statistical 
models are being used to determine which one predicts species occurrence the best without 
violating underlying statistical assumptions. Although the Poisson regression bird-habitat 
models tested in my study did not perform well with the Fort Nelson data, limitations of 
applying the model to an independent data set were identified. Further work with these 
models and additional independent data sets is necessary to determine if these models are 
appropriate for predicting bird species occurrences within the boreal forest.
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CHAPTER 5: SUMMARY AND CONCLUSIONS
Canada’s boreal forest, including the boreal forest located in the northeast comer of 
British Columbia, is not well understood. This is particularly the case with respect to habitat 
relationships of boreal forest birds. There is scarce data on basic bird species richness and 
abundance for British Columbia’s boreal forest and little is known about the effects of 
partial-cutting on the boreal forest community in British Columbia and whether partial- 
cutting emulates the natural disturbance pattern of the boreal forest. A demonstration 
forestry project conducted by Slocan Forest Products in Fort Nelson, British Columbia 
provided the opportunity to address these information gaps. The bird and habitat data 
collected for the partial-cutting component then served as a basis for the remaining 2 
components of this study: bird survey method correlation (Chapter 3) and bird-habitat model 
testing (Chapter 4).
Models are often developed without being tested for repeatability with independent 
data sets and so the data collected at Fort Nelson provided an opportunity to evaluate how 
well models developed in Alberta’s boreal forest would predict bird species abundance given 
a set of habitat parameters from a different geographic area. This was possible because the 
same bird survey method, point-counts, that was used to develop the models was used to 
collect the Fort Nelson data. One of the barriers to model testing is the lack of available 
independent data sets. There are bird and habitat data sets from other studies that could be 
used to test models, however, often the data was collected using a different survey method 
compared to what was used for model development. If bird survey methods such as fixed- 
width transect and point-counts correlate, then additional independent data sets would be
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available for model testing, thus avoiding the need for collecting new data sets specifically 
for model testing.
The results of this study suggest that partial-cutting maintained bird species richness 
and composition comparable to that in uncut stands, and this result may be explained by the 
retention of structural habitat conditions. Using harvesting methods such as partial-cutting, 
managers can aim for conditions of habitat pattern and structure with the range of natural 
variability that was historically maintained by fire. Species specific data, however, differed 
from other studies within the Canadian boreal forest, illustrating the fact that a bird species 
does not necessarily use the same habitat structures across its range in the boreal forest. This 
point is particularly true when testing bird habitat models developed for one geographic area 
of the boreal forest with data from another geographic area within the boreal forest.
Using independent data sets for model testing is important in assessing the 
repeatability of a model. Transformation of existing data sets from one bird survey method 
to another would be useful in making more data sets available for model testing. The results 
of this study showed that low correlation between fixed-width transects and point-count 
surveys probably reflect significant influence of species-specific migration chronology and 
habitat conditions. This had implications for this study in that an additional independent data 
set from Dawson Creek, British Columbia was not available for use in model testing in the 
last component of this study.
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Thirteen Poisson regression bird-habitat models developed for Alberta’s boreal forest 
did not provide accurate predictions of bird species abundance given habitat data from Fort 
Nelson. Even though the models were developed in the boreal forest, there were differences 
in habitat characteristics and bird behaviour when comparing the results between Alberta and 
British Columbia.
Study Limitations and Suggestions fo r  Further Study
Only limited conclusions could be drawn in each component of this study due to 
several limiting factors. First, there were inadequacies in the study design. The study sites 
were designed to be a part of a demonstration project and not a formal scientific experiment. 
This meant that it was a short-term study resulting in a small sample size (only 2 breeding 
bird seasons were surveyed), there were no real replicates of the partial-cut sites, there were 
differences in the partial-cut harvesting between sites and selection of uncut (control) stands 
was limited. These limitations in study design did not allow for statistical analysis of the 
specific effect of partial-cutting on the bird community (treatment effect). More long-term 
studies with a more rigorous experimental design including preharvest data, real replicates 
and increased sample size, are necessary to better understand the relationships between 
harvesting and the boreal forest bird community.
Conclusions drawn from the comparison of the point-count and transect survey 
methods were limited because of the many sources of variability identified in this study. 
These included variation in the correlation results between methods and the significant 
influence exerted by migration chronology and habitat conditions. There was also variability
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in the intensity of effort (time and area) between the survey methods. Further data analysis is 
required to explore whether correcting the data collected by each method based on intensity 
of effort and migration chronology, for example, would improve the correlation between 
survey methods for some species. Possible differences in detectability due to different noise 
attenuation effects of open and closed (forested) habitats on the 2 survey methods should also 
be explored, as such differences may affect correlation results.
Lastly, results from the bird-habitat model evaluation component of this study were 
limited because of apparent differences in importance of selected habitat variables for 
Alberta boreal birds compared to birds detected in the Fort Nelson area. The availability of 
complete broad-scale habitat data (e.g., forest cover map and TRIM II database) comparable 
to that provided by AVI in Alberta was limited for Fort Nelson and appeared too general and 
inaccurate to use in mathematical predictions of bird species occurrence at the local and 
neighbourhood scales. Little is known about specific bird-habitat relationships in 
northeastern British Columbia and there remain large data gaps for bird species richness and 
distribution data in northeastern British Columbia. This baseline information is necessary in 
order to further develop bird-habitat relationships and bird-habitat models. In addition, 
aspects of bird behaviour should be incorporated into bird-habitat models to increase the 
predictive ability of models. Information such as maximum population densities based on 
territory size and available space (e.g., 100-m radius point-count station) in combination with 
identified habitat variables would likely increase the robustness of model predictions.
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Conclusions
The results of this study show that innovative approaches to forest harvesting have 
potential in maintaining biodiversity and emulating natural disturbance patterns within the 
boreal forest. This study has added to the general knowledge base of the distribution and 
abundance of British Columbia’s boreal forest birds and their habitat associations. It has also 
shown that there are still large knowledge gaps in understanding boreal bird habitat 
relationships and behaviour with respect to correlating bird survey methods and model 
testing within the boreal forest. Understanding the complexities of boreal forest bird habitat 
associations and how these can be managed to maintain viable bird populations remains a 
challenge. Once basic bird habitat relationships and how they are impacted by forest 
harvesting practices are understood, then that information can be used in model development, 
validation and testing. Many predictive bird-habitat models have been developed, but forest 
managers are unable to use them because the models have not been adequately tested with 
independent data sets in different geographic areas within the boreal forest. More research is 
required to determine if reliable bird-habitat models can be developed, especially to manage 
the habitat relationships of boreal forest birds in managed mixedwood forests.
99
LITERATURE CITED
American Ornithologist’s Union. 1998. Check-list of North American birds: the species of 
birds of North America from the Arctic through Panama, including the West Indies 
and Hawaiian Islands, 7'*^  edition. Allen Press, Lawrence, Kansas, USA.
Anderson, S.H. and K.J. Gutzwiller. 1996. Habitat evaluation methods. Pages 592-606 in 
T.A. Bookhout, ed. Research and management techniques for wildlife and habitats. 
Fifth ed., rev. The Wildlife Society, Bethesda, Maryland, USA.
Andison, D.W. 1996. Managing for landscape patterns in the sub-boreal forests of British 
Columbia. Dissertation, University of British Columbia, Vancouver, British 
Columbia, Canada.
Bennett, S. 1999. Fort Nelson forest bird inventory, 1998: Smith and Dunedin drainages. 
B.C. Ministry of Environment, Lands and Parks, Habitat Protection Branch, Fort St. 
John, British Columbia, Canada. Unpubl.rep.
Bennett, S. and K. Enns. 1996. A bird inventory of the boreal white and black spruce 
biogeoclimatic zone near the "Big-Bend" of the Liard River. Province of British 
Columbia, Ministry of Environment, Lands, and Parks, Habitat Protection Branch, Ft. 
St. John, British Columbia, Canada. Unpubl. rep.
Bennett, S., Sherrington, P., Johnstone, P. and B. Harrison. 2000. Habitat use and
distribution of listed neotropical migrant songbirds in northeastern British Columbia. 
Pages 79-88 in L. Darling (ed). At risk: proceedings of a conference on the biology 
and management of species and habitats at risk. Volume one. B.C. Ministry of 
Environment, Lands and Parks, Wildlife Branch, Victoria, British Columbia, Canada.
Bennett, S., Sherrington, P. and W. Schaffer. 1998. Northern goshawk and diurnal raptor 
inventory of the Fort Nelson Forest District. B.C. Ministry of Environment, Lands 
and Parks, Habitat Protection Branch, Fort St. John, British Columbia, Canada. 
Unpubl. rep.
BC Species and Ecosystems Explorer. 2003. Victoria, British Columbia, Canada. Available: 
http://srmapps.gov.bc.ca/apps/eswp/ (Accessed November 24, 2003).
B.C. Government. 1995. Biodiversity Guidebook. Forest Practices Code of British 
Columbia. B.C. Ministry of Forests and B.C. Environment, Victoria, British 
Columbia, Canada.
B.C. Government. 2004. Glossary of forestry terms. B.C. Ministry of Forests, Victoria, 
British Columbia, Canada. Available:
http://www.for.gov.bc.ca/hfd/librarv/documents/glossarv/S.htm (Accessed February 
29,2004)
100
Bibby, C.J., Burgess, N.D., Hill, D.A. and S. Mustoe. 2000. Bird Census Techniques. 
Second Edition. Academic Press, San Diego, California, USA.
Blancher, P. 2002. Importance of Canada’s boreal forest to landbirds -  final report. Boreal 
Songbird Initiative, Bird Studies Canada, Port Rowan, Ontario, Canada.
Bunnell, F.L. 1995. Forest-dwelling vertebrate faunas and natural fire regimes in British
Columbia: patterns and implications for conservation. Conservation Biology 9:636- 
644.
Burnham, K.P. and D R. Anderson. 1998. Model Selection and Inference: A Practical 
Information-Theoretic Approach. Springer-Verlag, New York, New York, USA.
Campbell, R.W., Dawe, N.K., McTaggart-Cowan, I., Cooper, J.M., Kaiser, G.W., and
M.C.F. McNall. 1990. The birds of British Columbia -  volume 2. Nonpasserines -  
diurnal birds of prey through woodpeckers. UBC Press, Vancouver, British 
Columbia, Canada.
Campbell, R.W., Dawe, N.K., McTaggart-Cowan, I ,  Cooper, J.M., Kaiser, G.W., McNall, 
M.C.F. and G.F.J. Smith. 1997. The birds of British Columbia -  volume 3. 
Passerines -  flycatchers through vireos. UBC Press, Vancouver, British Columbia, 
Canada.
Campbell, R.W., Dawe, N.K., McTaggart-Cowan, I., Cooper, J.M., Kaiser, G.W., Stewart, 
A.C., and M.C.F. McNall. 2001. The birds of British Columbia -  volume 4. 
Passerines -  wood-warblers through old world sparrows. UBC Press, Vancouver, 
British Columbia, Canada.
Canadian Council of Forest Ministers. 1997. Technical report: criteria and indicators of 
sustainable forest management in Canada. Canadian Forest Service, Natural 
Resources Canada, Ottawa, Ontario, Canada.
Cannings, R.A. and A.P. Harcombe. 1985. The vertebrates of British Columbia: scientific 
and english names. Heritage Record No. 20, Royal British Columbia Museum and 
Wildlife Branch, Ministry of Environment, Province of British Columbia, Victoria, 
British Columbia, Canada.
Catchpole, C.K. and P.J.B. Slater. 1995. Bird song -  biological themes and variations. 
Cambridge University Press, Cambridge, England.
DeLong, C, R.M. Annas and A C. Stewart. 1991. Boreal white and black spruce zone.
Pages 237-250 in D. Meidinger and J. Pojar, eds. Ecosystems of British Columbia. 
Research Branch, Ministry of Forests, Victoria, British Columbia, Canada.
DeFong, S.C. and W.B. Kessler. 2000. Ecological characteristics of mature forest remnants 
left by wildfire. Forest Ecology and Management 131:93-106.
101
DeLong, S.C. 2002. Natural disturbance units of the Prince George Forest Region: Guidance 
for sustainable forest management. Internal Report. B.C. Ministry of Forests. Prince 
George, British Columbia, Canada.
Dettmers, R. and J. Bart. 1999. A gis modeling method applied to predicting forest songbird 
habitat. Ecological Applications 9:152-163.
Eberhart K.E. and P.M. Woodward. 1987. Distribution of residual vegetation associated 
with large fires in Alberta. Canadian Journal of Forest Research 17:1207-1212.
Enns, K.A. and C. Siddle. 1996. The distribution, abundance, and habitat requirements of 
selected passerine birds of the boreal and taiga plains of British Columbia. Wildlife 
Working Report No. WR-76. Province of British Columbia, Ministry of 
Environment, Lands and Parks, Wildlife Branch, Victoria, British Columbia, Canada.
Erskine, A.J. and G.S. Davidson. 1976. Birds in the Fort Nelson lowlands of northeastern 
British Columbia. Syesis 9:1-11.
Erskine, A.J. 1977. Birds in boreal Canada: communities, densities and adaptations. 
Canadian Wildlife Service Report Series Number 4L
Fletcher, R.J.(Jr.), Dhundale, J.A. and T.F. Dean. 2000. Estimating non-breeding season bird 
abundance in prairies: a comparison of two survey techniques. Journal of Eield 
Ornithology 71:321-329.
Fort Nelson Operations -  Slocan Group. 2002. Boreal Mixedwood Project Workshop and 
Field Tour, February 28, 2002. Fort Nelson Woodlands, Fort Nelson, British 
Columbia, Canada.
Fowler, J., Cohen, L. and P. Jarvis. 1998. Practical statistics for field biology. 2'“^ ed. John 
Wiley and Sons, Chichester, England.
Godfrey, W.E. 1986. The Birds of Canada. National Museums of Canada, Ottawa, Ontario, 
Canada.
Greenfield, T. 1998. Birds observed along the Sikanni Chief River, north-eastern British 
Columbia 1992-1997. British Columbia Birds, Vol. 8.
Hansen, A.J., McComb, W.C., Vega, R., Raphael, M.G., and M Hunter. 1995. Bird habitat 
relationships in natural and managed forests in the west cascades of Oregon. 
Ecological Applications 5:555-569.
Hansen, A.J., Rotella, J.J., Kraska, M.P.V., and D. Brown. 1999. Dynamic habitat and 
population analysis: An approach to resolve the biodiversity manager’s dilemma. 
Ecological Applications 9:1459-1476.
102
Harrison, R.B. 2002. Stand-level response of boreal forest songbirds to experimental
partial-cut harvest in northwestern Alberta. Thesis, University of Alberta, Edmonton, 
Alberta, Canada.
Hobson, K.A. and J. Schieck. 1999. Changes in bird communities in boreal mixedwood 
forest: harvest and wildfire effects over 30 years. Ecological Applications, 9:849- 
863.
Hunt, P.O. 1998. Evidence from a landscape population model of the importance of early 
successional habitat to the American Redstart. Conservation Biology 12:1377-1389.
Hunter, M L. 1990. Wildlife, forests and forestry, principles of managing forests for 
biological diversity. Prentice Hall, New Jersey, USA.
Hunter, M.L. Jr. 1993. Natural fire regimes as spatial models for managing boreal forests. 
Biological Conservation 65:115-120.
Imbeau, L., M nkk nen, M. and A. Desrochers. 2001. Long-term effects of forestry on 
birds of the eastern Canadian boreal forests: a comparison with Fennoscandia. 
Conservation Biology 15:1151-1162.
James, E C. and C.E. McCulloch. 2002. Predicting species presence and abundance. Pages 
461-465 In J. M. Scott, P.J. Heglund, M.L Morrison, J.B. Haufler, M.G. Raphael, 
W.A. Wall, F.B. Samson (eds). Predicting Species Occurrences: Issues of Accuracy 
and Scale. Island Press, Washington DC, USA.
Johnson, E.A. 1992. Fire and vegetation dynamics: studies from the North American boreal 
forest. Cambridge University Press, Cambridge, England.
Jones, M.T., Niemi, G.J., Hanowski, J.M. and R.R. Regal. 2002. Pages 411-418 In J. M. 
Scott, P.J. Heglund, M.L Morrison, J.B. Haufler, M.G. Raphael, W.A. Wall, F.B. 
Samson (eds). Predicting Species Occurrences: Issues of Accuracy and Scale.
Island Press, Washington DC, USA.
Kirk, D.A., Diamond, A.W., Smith, A.R., Holland, G.E. and P. Chytyk. 1997. Population 
changes on boreal forest birds in Saskatchewan and Manitoba. The Wilson Bulletin 
109:1-27.
Krebs, C.J. 1994. Ecology: the experimental analysis of distribution and abundance.
Fourth Edition. HarperCollins College Publishers, New York, New York, USA.
Lance, A.N. and M. Phinney. 1996a. Bird diversity and abundance following aspen clear 
cutting in the boreal white and black spruce biogeoclimatic zone. Report for 1992- 
95. March and October 1996. Environmental Services Department, Industrial 
Forestry Limited, Prince George, British Columbia, Canada.
103
------------------------_ 1996b. Bird species composition and abundance in mixedwood
landscapes in the boreal white and black spruce biogeoclimatic zone. Report for 
1993-95. March and October 1996. Environmental Services Department., Industrial 
Forestry Limited, Prince George, British Columbia, Canada.
Lance, A.N. and M. Phinney. 2001. Bird responses to partial retention timber harvesting in 
central interior British Columbia. Forest Ecology and Management 142:267-280.
Mac Arthur, R. and J. MacArthur. 1961. On bird species diversity. Ecology 42:594-598.
Mac Arthur, R.H., MacArthur, J.W. and J. Preer. 1962. On bird species diversity II -  
prediction of bird census from habitat measurements. The American Naturalist 
96:167-174.
MacArthur, R.H. 1972. Geographical ecology -  patterns in the distribution of species. 
Princeton University Press, Princeton, New Jersey, USA.
Marzluff, J.H. 1986. Assumptions and design of regression experiments: the importance of 
lack-of-fit testing. Pages 165-170 In, J. Vemer, M.L. Morrison, and C.J. Ralph (eds). 
Wildlife 2000: modeling habitat relationships of terrestrial vertebrates. University of 
Wisconsin Press. Madison, Wisconsin, USA.
Navratil, S. 1995. Minimizing wind damage in alternative silviculture systems in boreal 
mixedwoods. Canadian Forest Service, Northern Forestry Centre. Edmonton, 
Alberta, Canada.
Norton, M.R. and S.J. Hannon. 1997. Songbird response to partial-cut logging in the boreal 
mixedwood forest of Alberta. Canadian Journal of Forest Research 27:44-53.
Pettifor, R.A., Norris, J.J. and J.M. Rowcliffe. 2000. Incorporating behaviour in predictive 
models for conservation In L.M. Gosling and W.J. Sutherland (eds.) Behaviour and 
Conservation, Cambridge University Press, Cambridge, England.
Phinney, M. and A.N. Lance. 1998. Bird inventory of SBS-ICH managed forest. Industrial 
Forestry Service Ltd., Prince George, British Columbia for Northwood Inc., Prince 
George, British Columbia, Canada.
Phinney, M. and A.N. Lance. 1999. Aspen breeding songbird inventory -  Del Rio, Dawson 
Creek forest District. Report for 1999. Industrial Forestry Service Ltd., Prince 
George, British Columbia for Wildlife Branch, Ministry of Environment, Lands and 
Parks, Victoria, British Columbia, Canada.
Ralph, C.J., Geupel, G.R., Pyle, P., Martin, T.L., and D.F. DeSante. 1993. Handbook of 
field methods for monitoring landbirds. USD A Forest Servive General Technical 
Report. PSW-GTR-144.
104
Rice, J.C., Ohmart, R.D. and B.W. Anderson. 1986. Limits in a data-rich model: modeling 
experience with habitat management on the Colorado River. Pages 79-86 In, J. 
Vemer, M.L. Morrison, and C.J. Ralph (eds). Wildlife 2000: modeling habitat 
relationships of terrestrial vertebrates. University of Wisconsin Press. Madison, 
Wisconsin, USA.
Rice, W.R. 1989. Analyzing tables of statistical tests. Evolution 43:223-225.
Rosenstock, S.S., Anderson, D R., Giesen, K.M., Leukering, T. and M.F. Carter. 2002. 
Landbird counting techniques: current practices and an alternative. Auk 119:
46-53.
Rowe, J.S. 1972. Forest regions of Canada. Canadian Forest Service Publication. No 1300.
Rowe, J.S. and G.W. Scotter. 1973. Fire in the boreal forest. Quaternary Research 3:444- 
464.
Rushton, S.P., Ormerod, S.J. and G. Kerby. 2004. New paradigms for modeling species 
distributions? Journal of Applied Ecology 41:193-200.
Sallabanks, R. Arnett, F.B. and J.M. Marzluff. 2000. An evaluation of research on the effect 
of timber harvest on bird populations. Wildlife Society Bulletin 28:1144-1155.
Savignac, C. 1998. Songbird diversity and cavity-nesting bird habitat in the Prophet
Territory of northeastern British Columbia. B.C. Ministry of Environment, Lands 
and Parks, Fort St. John, British Columbia, Canada. Unpubl. rep.
Schieck, J., Stuart-Smith, K. and M. Norton. 2000. Bird communities are affected by amount 
and dispersion of vegetation retained in mixedwood boreal forest harvest areas.
Forest Ecology and Management 126:239-254.
Schmiegelow, F.K.A. and S.J. Hannon. 1993. Adaptive management, adaptive science and 
the effects of forest fragmentation on boreal birds in northern Alberta. Trans. 58* 
N.A. Wildl. And Natur. Resour. Conf. No. 58 p.584-598. WR 246.
Schmiegelow, F.K.A. and S.J. Hannon. 1999. Forest-level effects of management on boreal 
songbirds: the Calling Lake fragmentation studies. Pages 201-221 In J.A. Rochelle, 
L.A. Lehmann and J. Wisniewski (eds). Forest Fragmentation: Wildlife and 
Management Implications, Leiden, Netherlands.
Schmiegelow, F.K.A., C.S. Machtans and S. J. Hannon. 1997. Are boreal birds resilient to 
forest fragmentation? An experimental study of short-term community responses. 
Ecology 78:1914-1932.
105
Schmiegelow, F.K.A. 1999a. Sampling protocol -  point counts, Calling Lake studies. 
Department of Renewable Resources, University of Alberta, Edmonton, Alberta, 
Canada.
Schmiegelow, F.K.A. 1999b. Sampling protocol -  vegetation plots. Calling Lake studies. 
Department, of Renewable Resources, University of Alberta, Edmonton, Alberta, 
Canada.
Schmiegelow, F.K.A., Vernier, P. Demarchi, D., and S.G. Cumming. 1999. Seeing the
forest beyond the trees: a cross-scale approach to wildlife habitat assessment. The 
Sustainable Forest Management Network Conference. Science and Practice: 
Sustaining the Boreal Forest. Edmonton, Alberta, February 14-17, 1999.
Schneider, R. 2000. The natural disturbance model of forest harvesting. Alberta Centre for 
Boreal Research. Edmonton, Alberta, (www.borealcentre.ca/reports/ reports.html)
Senate Subcommittee on the Boreal Forest. 1999. Competing realities: the boreal forest at 
risk. Report of the subcommittee on Boreal Forest of the standing senate committee 
on agriculture and forestry. Ottawa, Ontario, Canada.
Slocan Forest Products. 1997. Enhanced forestry project mixedwood shelterwood harvesting 
-  a ERBC training project. Project Number OP96153-TR. Slocan Forest Products 
Ltd., Fort Nelson Woodlands, Fort Nelson, British Columbia, Canada.
Slocan Forest Products Ltd.- Fort Nelson Woodlands. 1999. The forest project: boreal
mixedwood applied research development and extension project. Fort Nelson, B.C. 
Year 1 -  Project Report. Project Number OP99021-ORE. Fort Nelson Woodlands- 
Slocan Forest Products, Ltd, FERIC, BC Ministry of Forests and BC Ministry of 
Environment, Lands, and Parks, Victoria, British Columbia, Canada.
Sokal, R.R. and F.J. Rohlf. 1987. Introduction to biostatistics. Second edition. State
University of New York at Stony Brook. W.H. Freeman and Co., New York, New 
York, USA.
Strong,W.L., and K.R. Leggat. 1981. Ecoregions of Alberta. Alberta Energy and Natural 
Resources Technical Report T/4. Edmonton, Alberta, Canada.
SPSS 1998. Systat version 8.0. Standard version. SPSS Inc.
Tabachnick, B.C. and U.S. Fidell. 2001. Using multivariate statistics. 4^  ^edition. Allyn and 
Bacon, Needham Heights, Massachusetts, USA.
Thompson, E.R. III. 1993. Simulated responses of a forest-interior bird population to forest 
management options in central hardwood forests of the United States. Conservation 
Biology 7:325-333.
106
Thompson, F.R. III., Probst, J.R., and M.G. Raphael. 1993. Silviculture options for
neotropical migratory birds Pages 353-362 In D.M. Finch and P.W. Stangel (eds). 
Status and Management of Neotropical Migratory Birds, USDA Forest Service, 
General Technical Report RM-229, Rocky Mountain Forest and Range Experiment 
Station, Fort Collins, Colorado, USA.
Tittler, R., Hannon, S.J. and M.R. Norton. 2001. Residual tree retention ameliorates short­
term effects of clear-cutting on some boreal songbirds. Ecological Applications 
11:1656-1666.
Vernier, P R., F.K.A. Schmiegelow, and S.G. Cumming. 2002. Modeling bird abundance 
from forest inventory data in the boreal mixed-wood forests of Canada. Pages 559- 
571 In J. M. Scott, P.J. Heglund, M.L Morrison, J.B. Haufler, M.G. Raphael, W.A. 
Wall, F.B. Samson (eds). Predicting Species Occurrences: Issues of Accuracy and 
Scale. Island Press, Washington DC, USA.
Welsh, D.A. and S.C. Lougheed. 1996. Relationships of bird community structure and 
species distributions to two environmental gradients in the northern boreal forest. 
Ecography 19:194-208.
Wilson, R.R., Twedt, D.J., and A.B. Elliott. 2000. Comparison of line transects and point 
counts for monitoring spring migration in forested wetlands. Journal of Field 
Ornithology 71:345-355.
Zackrisson, O. 1977. Influence of forest fires on the North Swedish boreal forest. Oikos 
29:22-32.
Zar, J. H. 1996. Biostatistical analysis. 3"^  edition. Prentice Hall, Upper Saddle River, New 
Jersey, USA.
107
Appendix A: Means® and standard errors (in parentheses) of habitat variables sampled in 
1999 and 2000 in partial-cut and uncut boreal forest stands near Fort Nelson, British 
Columbia.
Variable PI P2 P3 P4 Controls’’
Percent Cover
All green (%) 51.41(5.32) 46.63 (2.78) 37.94(1.92) 31.92(4.49) 46.49(1.56)
Grass 8.58 (2.77) 2.13(0.91) L95(L59) 7.99 (2.28) L 75(031)
Shrubs 15.72 (2.77) 18.28 (2.20) 14.13(1.36) 9 3 5  (2T2) 13.38 (0.76)
Forbs 26.06 (4.25) 19.36 (1.63) 16.53 (1.21) 13.20(2.34) 22.48 (0.80)
Leaf litter 16.67 (4.04) 17.52 (2.04) 21.75 (2.26) 1 8 3 6 (2 6 7 ) 29.30(1.27)
Bare ground 0.39 (0.23) 0.34 (0.16) 0.25 (0.12) 3.79(1.97) 0.09 (0.09)
Moss 1.25 (0.21) 7.46 (2.44) 5J5(& 67) 1.33 (0.27) 9.94(1.27)
Coarse woody debris 31.30 (3.08) 34.52 (2.75) 4033  (3T9) 45.98 (5.40) 23.61 (0.83)
Leaf litter depth (mm) 20.53 (1.48) 13.37 (1.63) 17.10(0.81) 3 2 7 1 (9 3 8 ) 9 1 4 0 (5 3 7 )
Stem Counts ^  (#)
Deciduous stems 2.88 (0.62) 2.62 (0.58) 5.40 (0.42) 4.39(1.21) 9.53 (0.68)
Coniferous stems 3.69 (0.48) 8.65 (1.26) 13.10(0.72) 6.11 (1.31) 12.22(1.17)
Deciduous saplings 31.69 (3.37) 27.04 (4.99) 3.10(0.80) 12.04 (5.36) 8.21 (0.85)
Coniferous saplings 1.25 (0.32) 3.50 (0.70) 3.15 (0.59) 1.46 (0.77) 3.23 (0.56)
Shrub stems 13.44 (0.62) 14.55 (0.39) 10.80(1.45) 8.71 (3.05) 17.38(0.81)
Tall shrub sapling/poles 29.31 (11.79) 23.94 (4.29) 1L75(T86) 8.41 (1.96) 29.09 (3.98)
Large snags 1.19(0.37) 1.54 (0.44) 2.85 (0.76) 1.61 (0.64) 3.75 (0.36)
Average snag height (m) 2.74 (0.64) 2.58 (0.74) 4.91 (0.85) 2.17(0.61) 7.76 (0.61)
Snag volume (m^) 1736.01 (482.65) 1517.53 (577.42) 3609.70 (1272.88) 1291.33 (474.26) 7792.16 (1007.42)
Physical descriptors
Canopy height (m) 12.97 (3.07) 20.27(1.58) 29.28 (2.48) 2 3 3 7 (2 4 2 ) 29.17(0 .61)
Subcanopy height (m) 5.25 (1.61) 8.07 (0.96) 12.61 (1.32) 12.75 (1.27) 15.24 (0.61)
Tall shrub layer height (m) 1.88 (0.17) 2.38(0.14) 2.63 (0.29) 3.73 (0.63) 4 7 6 (0 4 9 )
Canopy closure (%) 31.29 (7.55) 49.82 (4.18) 72.40(5.80) 5 2 1 7 (5 3 7 ) 92.20 (0.54)
Volume CWD (>11cm) (m^) 118.60 (17.96) 47.65 (8.09) 249.28 (28.07) 111.53 (17.34) 175.26(15.12)
“Calculated at the point-count station level (point-count radius = 100 m).
’’Data for the 2 uncut stands sites were com bined to represent average uncut habitat characteristics. 
‘^ Deciduous tree species are trembling aspen, balsam  poplar and paper birch. Coniferous tree and 
sapling/pole species are white and black spruce and subalpine fir. Deciduous sapling/poles species 
are trembling aspen, balsam poplar, paper birch and Saskatoon (Amelanchier alnifolia). Shrub 
species are green alder (Alnus crispa). Saskatoon, red-osier dogw ood (Cornus stolonifera), common  
labrador tea (Ledum groenlandicum), tw ining honeysuckle (Lonicera dioica var. glaucescens), wild  
red raspberry (Rubus idaes), skunk current (Kibes glandulosum), northern gooseberry (Kibes 
oxyacanthoides), wild red current (Kibes triste), prickly rose (Kosa acicularis), w illow  (Salix spp.), 
soopolallie (Shepherdia canadensis), and highbush cranberry (Viburnum edule). Tall shrub 
sapling/pole species are green alder, w illow , and western mountain-ash (Sorbus scopulina).
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Appendix B: Common name, scientific name, species code, migratory status, and total number 
of detections for birds observed by point-count survey in 1999 and 2000 in partial-cut and uncut 
boreal forest stands in the Fort Nelson Forest District, British Columbia. Species are listed from 
most to least abundant.
Common Nam e Scientific Name" Code"' Status" Detections 
1999 2000
Total
T ennessee Warbler Vermivora peregrina TEW A NTM 324 456 780
Swainson's Thrush Catharus ustulatus SW TH NTM 166 211 377
W hite-throated Sparrow Zonotrichia albicollis W TSP SD 171 161 332
Ovenbird Seiurus aurocapillus O VEN NTM 139 157 296
M agnolia Warbler Dendroica magnolia M A W A NTM 158 135 293
Y ellow -bellied  Sapsucker Sphyrapicus varius Y B SA SD 113 115 228
W estern Tanager Piranga ludoviciana W ETA NTM 98 62 160
Pine Siskin Carduelis pinus PISI SD 117 12 129
Chipping Sparrow Spizella passerina CHSP N TM 58 63 121
Red-breasted Nuthatch Sitta canadensis R B N U SD 65 54 119
W inter Wren Troglodytes troglodytes W IW R SD 48 52 100
Bay-breasted Warbler (R)'’ Dendroica castanea B B W A N TM 40 50 90
American Robin Turdus migratorius AM RO SD 45 43 88
Least Flycatcher Empidonax minimus LEFL N TM 58 18 76
M ourning Warbler Oporornis Philadelphia M O W A N TM 15 61 76
W arbling Vireo Vireo gilvus W A V I N TM 36 27 63
Alder Flycatcher Empidonax alnorum ALFL N TM 15 39 54
Rose-breasted Grosbeak Fheucticus ludovicianus RBGR NTM 17 30 47
Y ellow-rum ped Warbler Dendroica coronata YRW A SD 21 26 47
American Redstart Setophaga ruticilla AM RE NTM 15 20 35
R ed-eyed Vireo Vireo olivaceus REVI N TM 8 26 34
Dark-eyed Junco Junco hyemalis DEJU SD 21 11 32
Northern Waterthrush Seiurus noveboracensis N O W A NTM 13 13 26
W hite-winged Crossbill Loxia leucoptera W W CR SD 8 17 25
Northern Flicker Colaptes auratus NOEL RES 13 9 22
Lincoln's Sparrow Melospiza lincolnii LISP N TM 10 11 21
Black-capped Chickadee Parus atricapillus BCCH RES 6 12 18
Canada Warbler (B) Wilsonia canadensis CAW A NTM 10 8 18
Black-and-white Warbler Mniotilta varia B A W W NTM 11 6 17
Cape M ay Warbler (R) Dendroica tigrina CM W A NTM 12 5 17
W estern W ood-Pew ee Contopus sordidulus W W PE NTM 12 5 17
Gray Jay Perisoreus canadensis GRJA RES 3 12 15
Connecticut Warbler (R) Oporornis agilis COW A N TM 4 6 10
Ruffed Grouse Bonasa umbellus RUGR RES 3 5 8
Varied Thrush Ixoreus naevius VA TH SD 3 5 8
Three-toed W oodpecker Picoides tridactylus TTWO RES 1 5 6
Clay-coloured Sparrow Spizella pallida CCSP SD 1 4 5
Hairy W oodpecker Picoides villosus HAW O RES 5 5
Brown Creeper Certhia americana BRCR RES 4 4
D ow ny W oodpecker Picoides pubescens DOW O RES 1 3 4
Boreal Chickadee Parus hudsonicus BOCK RES 1 2 3
Common Nighthawk Chordeiles minor CONI NTM 1 2 3
Common Snipe Gallinago gallinago COSN SD 2 1 3
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Hammond's Flycatcher Empidonax hammondii HAFL NTM 3 3
Ruby-crowned Kinglet Regulus calendula RCKI SD 3 3
Solitary Sandpiper Tringa solitaria SOSA NTM 2 1 3
Blackburnian Warbler Dendroica fusca BLW A NTM 2 2
Cedar W ax wing Bombycilla cedrorum CEW A SD 1 1 2
Common Raven Corvus corax CORA RES 1 1 2
Evening Grosbeak Coccothraustes vespertinus EVGR SD 2 2
Palm  Warbler Dendroica palmarum PAWA NTM 2 2
Pileated W oodpecker Dryocopus pileatus PIWO RES 2 2
Blue-headed Vireo Vireo solitarius B H V l NTM 1 1
Blackpoll Warbler Dendroica striata BPW A NTM 1 1
Com m on Merganser Mergus merganser COME SD 1 1
Eastern Phoebe Sayornis phoebe EAPH SD 1 1
Red-tailed Hawk Buteo jamaicensis RTHA N TM 1 1
Long-eared O w f Aseo otus LEOW SD 1 (1
Y ellow -bellied  Flycatcher Empidonax flaviventris YBFL N TM 1 1
Total species 50 52
Total individuals 1876 1982 38f
“ after the American Ornithologist’s Union Checklist o f  North American Birds 1998.
'’Four-letter species code (after Cannings and Harcombe 1985).
‘’Migratory status indicated for neotropical migrants (NTM), short-distance migrants (SD), and residents (RES) 
(after Godfrey 1986).
‘'Species o f special management concern in British Columbia: R= red-listed (endangered or threatened), 
B=blue-listed (vulnerable).
‘’This is an incidental detection not part o f a point count survey and is not included in the species total, however, 
it represents the first confirmed detection o f  a LEOW for northeastern British Columbia (J. Bowling, pers. 
comm.).
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Appendix C
a) Species code and total number of detections for birds observed during 100 m point-count 
surveys in 1999 in partial-cut (P1-P4) and uncut boreal forest stands in the Fort Nelson 
Forest District, British Columbia. Species are listed from most to least abundant.
Code" P I (n=4) P2 (n=13) P3 (n=5) P4 (n=7) Ctrl (n=24) Total
TEWA 19 79 12 23 166 299
MAWA 9 58 13 3 60 143
SWTH 5 23 11 7 65 111
PISI 0 32 11 49 7 99
WTSP 19 42 6 8 11 86
OVEN 0 8 12 8 53 81
YBSA 3 12 17 17 27 76
WETA 6 11 10 4 42 73
LEFL 6 10 6 16 16 54
CHSP 7 13 2 10 18 50
RBNU 0 13 3 3 18 37
AMRO 4 11 4 8 7 34
BBWA 3 5 0 0 25 33
WAVI 0 12 2 15 4 33
WIWR 3 8 6 9 0* 26
YRWA 0 3 0 4 10 17
RBGR 4 3 0 3 5 15
DEJU 2 6 0 4 2 14
BAWW 0 2 0 0 11 13
LISP 9 0 0 0 3 12
NOWA 0 0 4 0 8 12
MOWA 2 9 0 0 0* 11
AMRE 0 2 2 0 7 11
CMWA 0 2 0 0 6 8
WWPE 2 2 0 0 4 8
ALFL 5 2 0 0 0* 7
CAWA 0 0 3 0 4 7
NOFL 0 5 0 0 0* 5
COWA 0 3 0 0 0* 3
WWCR 0 3 0 0 0* 3
VATH 0 0 0 0** 2 2
REVI 0 0 2 0 0* 2
SOSA 0 0 0 0** 2 2
PAWA 2 0 0 0 0* 2
YBFL 0 0 0 0** 2 2
Total spp. 18 27 18 17 27 35
Total individs. 110 379 126 191 585 1391
‘ Only those species with 
*Bird species detected at
two or more detections 
partial-cut stands only;
per site are included.
**Bird species detected at uncut stands only.
Ill
b) Species code and total number of detections for birds observed during 100 m point- 
count surveys in 2000 in partial-cut (P1-P4) and uncut boreal forest stands in the Fort 
Nelson Forest District, British Columbia. Species are listed from most to least 
abundant.
Code" P I(n = 4) P2 (n=13) P3 (n=5) P4 (n=7) Ctrl (n=24) Total
TEWA 41 107 40 43 210 441
SWTH 5 34 11 7 82 139
MAWA 8 51 4 3 61 127
OVEN 0 6 19 5 93 123
WTSP 16 54 8 16 26 120
YBSA 6 22 17 14 49 108
CHSP 0 22 5 11 19 57
MOWA 9 29 0 15 0* 53
BBW A 0 2 4 0 46 52
WETA 0 7 5 9 30 51
AMRO 7 13 3 5 8 36
RBNU 2 10 4 2 15 33
ALFL 7 19 2 0 4 32
WIWR 0 8 5 12 5 30
YRWA 0 4 2 2 15 23
REVI 7 3 10 0 2 22
AMRE 0 7 0 0 13 20
RBGR 0 2 5 0 12 19
WAVI 0 0 0 6 13 19
WWCR 0 14 0 0 3 17
LEFL 0 0 6 7 0* 13
GRJA 0 5 0 2 4 11
PISI 0 4 0 0 7 11
DEJU 2 2 2 0 4 10
CAWA 0 0 0 0** 9 9
NOWA 0 0 3 0 6 9
BCCH 0 5 0 0 3 8
NOFL 0 2 2 2 2 8
LISP 3 4 0 0 0* 7
CCSP 2 0 0 0 2 4
CMWA 0 0 0 3 0* 3
DOWO 0 0 0 3 0* 3
TTWO 0 3 0 0 0* 3
COWA I 1 1 0 0* 3
EVGR 0 2 0 0 0* 2
WWPE 0 0 0 0** 2 2
HAFL 0 0 2 0 0* 2
HAWO 0 0 0 0** 2 2
BAWW 0 2 0 0 0* 2
Total species 14 29 22 19 29 39
Total detections 116 444 160 167 747 1634
“Only those species with two or more detections per site 
’ . . . .  .• stands only; **Bird
O W i n * L YY V / VVl J
*Bird species detected at partial-
are included.
species detected at uncut stands only.
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Appendix D
a) Species code and total number of detections for birds observed during fixed-width 
transect surveys in 1999 in partial-cut (P1-P4) and uncut boreal forest stands in the Fort 
Nelson Forest District, British Columbia. Species are listed from most to least abundant.
Code PI P2 P3 P4 Ctrl Total
TEWA 18 60 12 12 139 241
MAWA 3 44 15 1 45 108
PISI 2 0 11 34 10 57
SWTH 0 14 6 3 23 46
OVEN 0 3 4 4 34 45
YBSA 2 9 6 8 12 37
BBWA 1 5 0 0 30 36
WTSP 8 16 4 2 4 34
LEFL 2 3 2 10 10 27
WETA 0 6 2 3 16 27
AMRO 5 7 5 4 5 26
CHSP 4 7 0 4 8 23
WAVI 0 5 2 7 5 19
AMRE 1 3 2 1 7 14
WIWR 2 3 4 3 0 12
RBGR 0 0 1 2 8 11
CAWA 0 0 2 2 6 10
MOWA 2 6 0 0 2 10
BAWW 1 1 0 0 7 9
WWCR 2 4 0 1 2 9
NOWA 0 0 2 1 5 8
ALFL 1 4 0 0 2 7
DEJU 2 3 1 1 0 7
CEWA 0 6 0 0 0 6
LISP 5 0 0 0 0 5
REVI 0 0 3 2 0 5
YRWA 0 0 0 2 3 5
RBNU 0 1 1 0 2 4
NOFL 0 2 0 1 0 3
BCCH 0 0 1 1 0 2
BPWA 0 0 0 0 2 2
CMWA 1 0 0 0 1 2
EAPH 0 I 0 0 1 2
HAWO 0 I 1 0 0 2
SOSP 2 0 0 0 0 2
WWPE 0 0 0 0 2 2
BOCH 0 0 0 0 1 1
CONI 0 0 1 0 0 1
CSWA 0 1 0 0 0 1
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CORA 0 0 0 0 1
COWA 0 0 1 0 0
GRJA 0 0 0 0 1
PAWA 0 0 0 1 0
SOSA 0 0 0 1 0
SPGR 0 0 0 0 1
TTWO 0 0 1 0 0
WIWA 0 0 0 0 1
Total species 19 25 24 25 32
Total detections 64 215 90 111 396
47
876
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b) Species code and total number of detections for birds observed during fixed-width
transect surveys in 1999 in partial-cut (P1-P4) and uncut boreal forest stands in the Fort
Nelson Forest District, British Columbia. Species are listed from most to least abundant.
Code PI P2 P3 P4 Ctrl Total
TEW A 22 131 52 41 253 499
M A W A 5 31 3 0 47 86
O VEN 0 0 9 3 60 72
B B W A 0 2 2 1 63 68
W TSP 5 16 5 3 16 45
SW TH 0 5 1 1 32 39
M O W A 7 11 1 9 6 34
Y B SA 1 7 5 3 18 34
AM RE 0 6 0 1 22 29
C H S? 0 2 2 9 7 20
W A V l 0 1 1 10 6 18
W ETA 1 5 1 1 10 18
W IW R 1 .2 6 7 2 18
AM RO 0 4 0 5 4 13
GRJA 0 3 0 1 8 12
LEFL 0 1 3 6 2 12
ALEE 6 4 0 0 1 11
W W CR 0 10 0 0 0 10
BA W W 0 2 0 3 4 9
C A W A 0 0 0 0 9 9
LISP 2 3 0 3 1 9
Y R W A 0 1 2 0 6 9
BCCH 0 2 1 1 3 7
BRCR 0 0 0 0 7 7
DEJU 0 2 0 1 3 6
N O W A 0 0 1 0 5 6
R E V l 3 0 2 0 1 6
NOEL 1 1 0 1 2 5
RBGR 0 0 1 1 3 5
R B N U 0 1 1 1 2 5
HAW O 0 3 0 0 1 4
PISI 0 2 1 0 1 4
RUGR 0 0 0 0 3 3
BOCH 0 0 0 0 2 2
COW A 1 1 0 0 0 2
HAFL 0 0 1 1 0 2
TTW O 0 1 0 0 1 2
CCSP 0 0 0 0 1 1
CM W A 0 1 0 0 0 1
EVG R 0 1 0 0 0 1
GCKI 0 0 1 0 0 1
Total species 12 30 22 23 35 41
Total detections 55 262 102 113 612 1144
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Appendix E: Incidental Observations
The first confirmed observation in northeastern British Columbia of a long-eared owl 
in the Fort Nelson Forest District occurred on May 31, 2000 at 4:42 a.m. during a practice 
point-count survey in partial-cut stand P I (Campbell et al. 1990 and J. Bowling, per s. 
comm.). Although this observation could not be included in formal analysis, 1 made notes 
about the owl’s behavior and surrounding environment. The habitat at this point-count 
station was very open and grassy with sparse willow and green alder distributed throughout. 
Some aspen regeneration was present. A strip of mature trembling aspen and semi-mature 
white spruce (estimated ages of 120 and 60 years, respectively) stood about 40 m away. 1 
forwarded photographs of the owl and a habitat description to the B.C. Conservation Data 
Centre in June, 2000.
Other observations suggested that 2 distinct dialects of the yellow-rumped warbler. 
Myrtle’s race, may be represented in the study area. One dialect was the typical yellow- 
rumped warbler vocalization expected in the Fort Nelson area, whereas the other one 
sounded very similar to the Nashville warbler {Vermivora ruficapilla). A recording of the 
non-typical song was tape recorded in 1999 at site P4. In 2000, another recording of the non- 
typical dialect was recorded at site P4 (at the same point on the transect as in 1999). 
Additional individuals with the non-typical dialect were recorded in stands PI and C l in 
2000. Expert birder Jack Bowling (Prince George, B.C.) listened to the recordings and 
verified the vocalizations as Myrtle’s race yellow-rumped warblers. In 2000 1 visually 
confirmed the identification of birds with the non-typical dialect. Whereas the atypical 
dialect was detected in only 1 partial-cut stand in 1999, detections in 2000 included 2 parti al- 
cut and 1 uncut stand.
1 1 6
Winter wrens also provided some interesting behavioural observations. In both 1999 
and 2000, most winter wren point-count detections occurred in the 4 parti al-cut stands 
(Appendix B). In 1999, 26 detections occurred in all 4 partial-cut stands but not in uncut 
stands. In 2000, 25 detections occurred in 3 partial-cut stands and 5 in uncut stands. This is 
somewhat inconsistent with winter wren observations elsewhere in the boreal forest as they 
are known to prefer dark, shady forests with shrubby understorys (Campbell et al. 1997). I 
also observed that singing winter wrens in the partial-cuts were consistently located atop 
slash piles. This behaviour requires further long-term investigation to determine whether the 
birds using the slash piles are reproductively successful (the slash piles and partial-cut stands 
are providing appropriate breeding habitat) or whether the presence of slash piles is acting as 
an ecological trap in the partial-cut stands.
It was also noteworthy that the brown-headed cowbird {Molothrus ater) was not 
detected in the partial-cut or control stands in either breeding season. I observed small 
numbers of brown-headed cowbirds in the Fort Nelson townsite and Fort Nelson Community 
Forest. However, the species does not appear to have established itself in the natural forested 
areas represented in this study despite the presence of appropriate edge habitat caused by 
forestry and oil and gas activities in the area. Cowbird parasitism does not appear to be a 
threat to host species such as warbling vireo, red-eyed vireo, yellow-rumped warbler, 
magnolia warbler, white-throated sparrow, and chipping sparrow in the forested areas 
represented in this study.
1 1 7
